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1. Information conflicting with or pertinently affecung
that contained in this publication should be forwarded by the
recipient disectly to:

Chief, Air Technical Intelligence Center
Wright-Patterson Air Force Base
Dayton, Ohio

This in no way abrogates or alters tesponsibility for sending
such information or any perinent intelligence data through
alteady established intelligeace collection channels of the
various services or agencies of the 11, S, governmeat.

2. ®ARNING: This documeat contains information af-
fecting the national defense of the United States within the
meaning of the Espionage Law, Title 18, 11.5.C., Secuons 793
and 794. Its transmission or the revelanon of it contents 1n
any maaner to ag unauthorized person is prohibited by law. .
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To ostimute: Soviet technical capalilities in solid-state research
bty (1) considering Suviet putlicetions i this field and (2) evaluating the

rosults of these considerations in terms of the atatus of .aclid-ntata

regearch in all other countries putlishing verk in this fleld.

Fuctual Datg

The study of Scviet literature in the sulid-state eloctrical-
dovice field wus curried out ir the following manner, 7The Scviet journals
corrosponding tc electrical enginesring, phyales, and physioul cheajatry
woro invostigated with the wim of obtalning u sutisfuetcry asepling of
literutura. The literature itoms were ccllinoted ard organized into a
bitliography contuining 523 ldatings for the period tetunon approxieately
1940 und 1950, wccording to s moiiffed treukdown of tha Worli<iide uigest
of Literatura on Semiconductorg jutlishad bty battells Mescrial Iratitute,
The ccmplote Bitliograrhy 18 included ut *ha end cf this report. A study
of the occurrence of literuturo items {n vuricus Journuls {n fourd in
Section 1II. The various types of interprotuticns of tha lterature are
found in Section IV.

Attempts were ulso mude to find patent liveruturs, It vas iis-
covered thut the U,5.0.7, has no patents, tut dees huve angineering
stundurds vhicl'; uppour to te pubstitutes. ko putents vere ottuined during
this survey, wlthough the Litrury of Cc;mmas wup discorared (Loc late for

this report) to te u possitle scurce of thes.
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Subsequent to colleoting end orgunizirg the liternture, suverel
typos of unalyses wore conductedt :

(1) 1In an attompt to find out roughly *he typs-of coversgo cf
1iteruture in the Bitliosruphy, en anulyais vao made of tho piklcgruchy
rolutive to 1ts outline, whieh, 1t will be rocelled, wea tho outline for
the Digest of Limrntwﬂim, nodified scmevhat, In purtice
ulur, special attontion wus given to omissiors cr concertrations of ltrra~

ture within this outline,

(2) 7To ottuin somo idoas nbout the quality und the coviruge of

soviet work, ug well us the type of squipment and instriments usod, u
digest of solooted shatracts of ubout 200 articles of 1iterature wus mado.
Horo ugadn, tho outlino of the bibliography f the bipost of Literuture cd
Samiconductors vuo used us u guido in ¢lassifying the literaturoe refurences,

(3) To obtuln u more detailed unulysis of the litoruture, u fov
complote urticlos wero atudied und thoroughly criticizod,

In addition to muking & thorough wnalysis of the literuture for
eotat1ishing deos concorning nuture, quulity, und coverege, sllompls were
also medo to moosure tho cupubility of tha Scvirts through considoruticn
of the important men in the golid=gtata olectricel-dovice fiold, cn the
basis of tho mumbor of their putlicutions und the U\‘chnlcnl stutus cf their
work, It wus hopud thut scme iden of whothar auss mevoments of men from ’
ono £iuld of rosourch to unother occurred during the parfed of investiga-
tion, und, still further, vhother information cn new men ccming ulorg would

te providud.

i
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f10d. Thorafore, it was docidod to restrict the llteruture atudies of the N 5 wmounts and

subjoot gurvoy to this phuso of solid-stuto roscareh, ' leoted info

3olid-state oleetricul-dovice research ia u hytrid flvld involving 3 ’ ties of thed]

chomiatry, physics, and aloctrical-angineoring wspects, Actually, if ull ol recisicn

aloctrieal, optioul, and mugnotic purts of solid=state-rhysica rosourchos teriation 11

having uny busic or pructicul value were aihglnd out, the secpe of solid- 18

. stuto cloctrioal-dovice resoarch would bo outlined, Thy fiold hus sateriuls, i vork currenfil

propertios, und davico aspocts, with upplied and busic aidus to all throe the Y¥,5,3.1 08

arows. A1l matorials are olassifiod in one of the following catageriost put 1ished o

motuls, trunoition materials, semiconductors, and diclectrics, ful, Alse, i

Solid-atute oloctricul-device resourch did not oxist prior to {n the
19%. In gonoral, fully initiating it required (1) the development of : all quantit
quantum o 38, (2) the growth af the electronfes industry, and (3) g the sclid=e

dofinito rocognition that nuny mutoriuls exhitit many of their olectricul

and opticul properties duo to imporfoctions in eryatuls, All thoso comdi- state olact

tions were fuirly woll ostublished ubout 1940. In order to providn some e.stly in

ostimuto of tha rolativo stutus of solid-stute rosearch, wnd spocifically vore laaderis

solid-ntute clockrical-dovice rosourch, in the mujor countrlns of concorr, A ¥y Jdoff

numoly, the Us S., Gormany, und the U.5.54f4, toforn und arcund 1940, u physies, M

spacial historical otudy vas conductod. hending usd

Intinutn knowledgo of tho mutura of tho solii-stute cloctrical- ‘ . There vere

dovice fiold od to the concluaion that the stutus or cupubility of un (1) the oo

organization or country in this flold could be tasieully detornined by tise, bad

(1) tho oxtont of its ubility to muke crystullinn matoriuls of any of the affects f"

typos.of transition muterials, somjconductors, or diolectrics with controlied pregarties

viti
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smounts and types of i.i)urMu and faperfecticns, (2) the mmount of eol-
lastad information on electrical, optical (also Xeray), end magnetic proper-
ties of ‘these synthetieally produced saterials, and (3) the 11.58'"“15; wd
precision dezonatrated in using the materials and their specific chares-
teristios in d;veloping solid-state devioes. |

For establishing a useful coeparison of the nature and emcust of
work currently being doﬁa in the solid-state slsctriosl-devioce field lnv
the U,5.S.R, and the U, S., the Digest of Litersturs cn Seaiconduotors,
puﬁliuhed each year by Battslle Mesmorial Institute, proved to be very he lp-
ful, Also, its outline vas adopted for use in arranging Soviet literature
in the Bitliography. Further, the Digesy yielded {nformaticn on- the over-
all quantity of unclassified literaturs in the semiconductcr seoticn of
the solid-state electrical-device field.

The varicus survey articles concerning eerly work in the solid-
stute eloctrical-device field end mssocisted types of research, discusssd
nostly in Appendix I, indicate that arcund 1940 Germany and the U.5.3.K.
vore lseders in this field, FPor exmsple, Scminsky reports, in 1940, that
A F. Joffe vas head of an institute which had sections called Electro-
physies, Holeoular Physics, and Nuclear Physics. Elactrophysics vas the
heaﬁing used for solid-ut.uto nnogrch and applications in elsctrical fields,
There vere 17 lutoratories making up the three groups. These included
(1) thé semiconductor lsboratory, heuded ty A. F. Joffe who, up to this
time, had investigated 220 ccmbinations of semiconductors in regard to the
offects of strong fields on electrical conduotivity, as vell as suny other

p,ro;irtioa, (2) the cuprous oxide restiffer labcratory, (3) the seleniwm
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roctifier luboratory, (4) the ccpper sulfide rectiffer latcratery, (5) the
thallium ulfi.de'pho',ocoll luboratory, und -(6) the diclectrics lstoratory,
including plaatics and rutter, ns well es ceramies. The tu'.ur§ uims of ghia
Soviot sulid-stato reseurch group in 1940 were () to attempt to per foct
rhotocells and rectifiors developed ty theyinnl‘l'.uta 80 that they could te
put into genural use, (2) to creste high-current thermcelectric uppurutus
end sensitivo roceivers of rudistivo energy, md (3) to rieva'lop thecrios of
roctifioation, photooffacts, ard thermal effects.

Spécl“o ovidence of the strong lesdorship of Germany in‘thiu
fi61d ubout 1940 is rocognized when u German work plan for the field of
somiconductors und allded {inlds, writsen in 1944-1945 at tho Osram Company
in Gormuny, ia considered, This progrum ia included In Appondix I und la

ontitled Gonard Propram Swrpe-ted for pplicution of Semicondugte

on Sclentifie Conaidavuticna, The wmazing conclusien thut eun La drwin,

aftor exumination of this werk plun, i that much of tho work scccmplished
during the pust alx years, from 1946 to 1952, in tho U, S. i3 predicted by
this outline, New dovolopments, stch as the transistor, olactroluminescert
plutes, thernistors, new cutalysin methods for s.lid-stuto otudies, nev.
roctifiers (dry-disc and dicdo tyjes), elactreatutic clutchea, high-
temperature rectifiers, senicorductive cuth:des, new infrurad photocells,
and low-noiue-level and lov-topparutura-coef[iclent hiph-atability resistors,
wo w1l indicuted as pessitilitios in thia outline, Howover, ft willte
purticulurl)" noted that ways of uchdeving these pructicul epplicnticns are
not u.wjgoutud; this indie‘n‘»es tfxr& the Gorzans vore fully cogrizant of the
practical possitilitics in this field, tut protutly hnd ‘not achievnd thee in

prastice.
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' The U. 5. vas definitaly folloving the leaders in the slid-
state slactrical-devico flold {n 194C, .It wes not until abeut 1942 that
consideratle effort was applied ty the U. S. in this fleld, It nust te
-remurkfd here, hw.avvnr, that zuch unpublicized work vas.geing on in thia
field bohind industrial docre. In pu‘ticuiu, the work at Boll Telephone
Luboratorios s baljeved to have ranked as high a3 that in Jerzary and
the U.S.S.K,

The status in 1950 and 1951 can ta estizated by studying the
World-Wide Dipest of Literaturs op Cemicorductors preparsd by battelle in
botﬂ of these yeurs, Although thess Digosts 4o not include wark cr dislec-
trios or or metels and alloys, the rature of the sclit-state electricai-
device fiold is such thut these cmissicns ir the Pigestg roprosent cnly a
ninority of the totul literature jn this field, An analysis of the Jiamaty
reveals the folloving:

(1) Approximataly 7 per cant cf the lteraturs in 1950 and 1951
wes of Soviet origin.

(2) aprurently no work was teing dcre in the U.5.5.%, in 1957
and 1951 (at loast none wus putlished] cn the iroup 17 elements, numely,
silicon and gormanium.

(3) - The outstanding develcpaenta in this {iald which vere of
pructical valus wers concentrated in the U, &, iiterature, Also, muot of
the udvances in the fundumentsl understanding of the tahuvicr o eclids ‘
were attrituted to others than the Scviets. Clne oxception {a tha [-laren

Thoory of Solids developed by S, l.‘ Poxar und asssciates,

xi
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Briefly, from this one examinsticr, $t would wppear thut the 7, §.
18 louding tho solld-ctite alectricul-device field in all uspacts {mutarials,
proporties, and comporents) st the present time,

With dus considerution to tho most desiratla type of treardwwn for
the Soviet torature, 1t vas decided to use the outline of the 2ipost of
gtarg;tg,?n on Segiconductors u!.th some additions, Orgarizing the large
mﬁpling of Soviet literature for the yeurs frem 1947 tc 1951 into an outline
ke that of the Digent of Litorutyre cp Semicopdyeters, und sutsequently
churting tho occurrence of litorature tn euch yesr in cuch of the principul
catogorios of the outline in Seeticn 11T, raveuled the fcllevinp

(1) Exeopt for u few mining, metullurgical, urnd strictly chemical
articlos on garmuniun wnd silicon, no consideraticn had teon piver by the
Soviots to mutorials in tho fourth greup of the wtceic tatle throughcut the
entire lifu of the soifd=ptnte -ectrical-davics research fleld,

(2) Ap 1s otvious frem Suble ¥y Section 1V, tho numbar of putli-
cutions us u function of time frem 1940 to 1651 fcllowa more or loss an
expected trond, wssuming wdequute sampling and no Soviet cluzaificution of
Uterature, excopt for the fuct thut fn 1950 und 1951 *Lore vus un ancaslous
drop in the numbar of 1itoraturs {tens in the fieid, This atudy, therafors,
points out that tho more recent yaurs frem 1949 to 1051 arv probutly the
leust roliuble for drwing conclusicna on the vusis of cpor=1fers®urs pub-
lications. Tha oxplunution of this drep-off s prottly classificuticn of

litorature, Appurently, the Soviet stoppue of rutilcuticrns lnuving the

U.8.5.0t, hag provided, in purt, the conscrehip they dastired,

xii
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(3) This mechanical exminaticr of the S-vist literaturs in o
titliograghy arranged according te the cutline of the gigest ¢f iitersture
ok _Semicenductors also indfcated that the Soviets have apparently directed
thelr aotivities in the fleld of sclid-state research over a rather troad
regice during the lest 11 years, They ses2 to be strcrg in researsh cn

the theory of conducticn in solids and in studfes of phetoceniuotivity,

phosphorescency, and dielsstrics, particularly titanates, Alzo, they apjoar

to be streng in some phases of rectifisr regearch, sainly those dealing
with selenium and compound semiconduators, such ae oopper oxide and oopjer
sulfide. Hagnetic effects in interantalllc ccepeunts arnd sealmatnls have
180 toon considered, There is eviderce in vory recont literature that

tho dovelogments outside the U.S.5.K. ars {nfiueneiry the emphaais of their
prosent work, Spucilioally, thers are indirect irdieaticra that they are
teginning to investigute the fourth-prour slesents, garmaniua and silicor,
end to conslder probless related to tronaistors.

Seotion VI 13 devoted to u study of important Jovie! jeracraly-
tios, their opecialties, and their locuticns, na far an ccult Le dnter-
pined, Thelr specialties were sssumed 3 to in the flald in vhich “lay
consistently published. This wasump*ion is wpparontly valid ir that th
Soviets huving sc-culled fringe sreciultias to the {inld of solii-atale
eleotrical devices huvo toor $der'ifted, such us ‘hrpe wrreing jrimarily

in chenistry and crratullography, The sothid cf ltsting used in Smoticn v1

It will bte found that 37 cutatanding perscralities vare

sograguted woeeriing to eight major flelds of interoct {tuse! - the

xild
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perfod frem 1940 to 1651), Otviously, the youngest group of presert A hystec-
Loaders will not to fully repregantod by this 1ist, Exhitits A and b of N weselat
Section VI 1iat the personaiities in alphatetical order und by flelds,
respectively, Tho list of outstunding rerscnalities forms a ccnvorient | i e fty
record, while the longar 1ist, tesed on the principla that wyone huving : v
three or more putlicuticns is u personality to record, provides a "wutch - “ W rach
14st" of persons who may te future louders in the fiold and includes thome fevliee 1
who l;uve recontly teccs leuders. This list moy, therefore, te of ccnsidoer- Savlet
atlo interest in the yeurs to come, ‘

Out of this comtined study of the blographicul rogloter wnd the
bibliopruphy of Soviet literature, it was slso roasible to obtuin scse
informution on resesroh iratitutions which ure cutstunding for the vork
done in this fleld, It urpoars that tho facilitles of prime interest wure
the followingt

(1) Fhysics Institute imeni E. N, Letedev, Moscow ; tovicee ro

(
(4
(5

)
(6) Institute of Crystelloyraphy, Hoscow ! N ET

3) lnstitute for Physical frotlems, Hoscow

(2) Leningred Fhysico-Tochnical Institute Jestiun ‘: ‘
)
) Ukrainiun Acedemy of Sclencos, Kiov s, e

Mathematics Institute imeni V, A, Sokolov nyer, thole

The first four of the facilitios liated are well-known centera of solid- Lartue ot
stato eleotricul~device wore, From tha source location of a telogrum oent g2l | HOVR IV
ty Vavilov of the U.5.5.R, to the Intarnaticnal Conferonce on Semiconducters
in heuding, Fnyland, in 1950, it wus noted that the heudquurters for somi~-

conductor ond eleciricel-device, regourch

xdv
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fhysico=Technicul Instituta, iha last tvo represent fucilitles vhich do
sagociated work gertinent to the fleld of solid-state elactrical dovices,

The utove type of study resulted in considerutle infurzutica cn
the nuture of Scviet sclid-stute reseurch. l;'othing io."nrdir.z the juality

of vork wua ottuired, however, his roguired wn entirely 41(ferent

aprrouch. In order to ottuin real inaight intc solfi-state olectrical-

dovice reseurch und the peneral stutus of nclviri-.ntnta research in the
soviot Union, 1t we3 necessury to curry cut a rather intnraive oty of
the yuality of the Soviet literuture, Thin vas ulso rejuired {a order to
ortimute, in u purersl vuy, the types of luterutery oquifeont, Further-
moro, it was hopod thal, trdirectly, auch n atuly, an o funetion of Uzne,
yonld provide neme antimate cf the awnitude of croraticns fn the 2 ild-
stute rosearch fiold.

The digeat of Scviet litersture rn polid=ntate ninctrical-
dovice rogaurch for the poriod frem 1940 tc 1951, which is oatodied in
Soetion 1V, revenlo thut the Scviets 46 not show uny avidonge i thelr open
1teraturo of teving pructicul trunzisters, jhetetrunalaters, rirheveltage
dicdes, oloctroluninezcent plutos, or hish-teapuruture roctifivre, Hov-
ever, thoy do show avidence of huving thereistors, nev rheteeelln, thulliva
sulfido photocolls, nov rhosphors, uwrd jletocloetriec matorials, nuwoly,
bariun “itanate, Purthor, it cun to suld, compwring this iigest with the
World-wido umsg of Literyture cn sez!conductora (und other llnhmnl‘.éf.
on U, S, work), *hat the litorature of toduy in the fiald of golil-stute
sloctricul devicos shows the U, 5, %9 be far shest free t.hn; rractical-davico=

dovelopment standpeint.
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From a study of somo 15 transluted articlos, us vell us the digost anecun

of Soviat literature, it wes concludod that the Soviet investigutcrs shoved

vory heart

& ecapotonte und ordginnlity scmpurable to thut of workers in similur fislds

vere indle

anywhoro eloe in the world, It vus mcro or loss xpoctod that this would

Yai b LW
bo truo 1n view of (1) thoir sxeollent stert fn tho late 153C's and the

e 9 Mt

eurly 1940's, 08 indicated in tho .outline of work presﬁntud ty A F, Jorru“) alnctr nie

in 1941, wnd (2) tho probutle wailability of the vork plun of the Osrun ruor of

Compuny to the Soviots in 1945, In viev of this ravolation, somo roasen naticn {n

othor then poor quulity of work is nocosgary in order to oxplain the obviously

gruater progroos of tho U, S, in this f1old over that of tha Soviat Unien, ecncantrat

In looking for rousons why tho U, S, s apparently louwding tho contruted

UsS4Sebay it 40 of primo importance tc r:cognize that jrogress in the finld

of aolld-stute eluctrisul-dovicu rosoareh ard solid-gtats roguaroh ia state vleg

mousurod by tho dograu to which mutoriuls control is uchieved. It should

BICEAEL] -

bo omphasizod that fmproved control of sumicenduetor ouburiels 48 un uban- atcelc tab

luto nocossity Lo cneure fundumontu) edvences in undoratanding tho buhuvior earbon,

of volids. Lxeminution of the Pimgst of Litoraturs c Somjgondyctors for to arrive -
1950 und 1951 ravouls that groat strides wore nude, particulurly ly the : ol ecajcur
U. S. und tho Unitod Kingdem, in rogurd to controlling somiconductera, and
Inpuritios und imporfoctions in thoms 48 o rosult, a butter undorstanding

vas guinod of tho reasons for their olectricul propartive and how to modify

ot vorf
them, Including how to sst up particulur gecostrica to uehirve particular aateriuds

typos of vloctrieul spueo charge within sinple erystals, It ecan to sadq ‘ . : [
thut sohivvemont of this type of ‘control of matoriuls wus spactuculnr
pdveneg pd puad not be_undorvstimuted in regurd to the difficuiting

(1) sopigonduotors wnd Tiir Tochafeul jrqlieytion, a. 7. Joff:, {, g,
UsS15Ryy 1K1, VOl 4, p 169,

xvi
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encounterod in uchieving the wdvanes, Purtlwr, §t cun te ecnsidored the
very haurt of whut is neeossury in order to reulizo u;plicaticns such as
vero dndicutod 4n the outiino ande ty the Oarw Ceapany {n Gorzany in

1944 to 1945, It should ulsc b ruccgnizad thut tha graat succoss of the

Us 5. in this fleld is u direct functicn cf the tresandous riss of the

eloctrenics industry during 1940 to 1940, und of the evoluticn of a large

_number of touwns working on ull asfuoty of semfccnductors threughout the
nution in 1nduﬁtry und wssociuted luborutoriea,

Exunination of the world=vide litsruturs revusls that the &, 5,
concontratod on studios of germunium und silicon vhile the Loviate ccne
centruted on compound semiconductors,

It uppours thut u eritorion of the prusent stetus ¢f tha sclif-
stalu clectricul-device rosearch fivld {s natutlished ty the waount wd
type 6!‘ rugourch being dono on the ulenents .f the fourth colusn ¢f the
atonic tublo, numoly, silicon and germuniuwn, und, secordurily, tin and
carbon, Furthor, it should bo noted thut it {a meny timos mcre 48£fteult
to urrivo ut aignificant fundumonts) und practicnl wdwnnees through ntudtes
of cempound somicorductors, uuch us oxides, sulfides, snlenides, w.d
tellurides, thun 1t 1a to wuke olzilur 1dvuwness uaing gorsunium and nilicen,

It follows that thoro ia nc {11 roflacticn cn the juslity of
Soviut work Just bocause they tackled u wuch sore 41ffieult grou; of
autorials thun ves uttucked in the L. 5. It sheuld not to conatrued that
lov=quulity work by the Soviate {s the remsss why tha Uo 5, L5 apparentiy
ahend In solid-stuto electricul-drvico research, This situnticn arises

tocause the difficuiting enccuntorsd §r haedling c-epount sumtcorductors
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have ‘tended to retard rapid davelopmsnts of solid-stute eloctrical devices

In the U.S.S.R.

staln rls

Assuning all othar fastors to be aqual, it is not pcasitle to TTRTEr

ootizate how much longer it would take to meke marked Lasic and prasctical IR

. advunces with ccepourd semiconductors than with germenium and siliconm, sls geastt

A}
Houever, it may be significant that there is evidence that work wna started

. cn impurity control, using ocmpourd semicorduators, in Germany before 1944 L omirrenia

Lot treen fon

und 4n the U;S.5.R. before 1946, It s ulao oignifiount that, vith infor-

nation on germanium availeble to the English in 1947, they thsn proceedod g in ke |8

to investigate lead telluride, lond sulfide, und leud selenids, und, ty valrty In U

1951, still hud not achiuved the type cf impurity control in the lead BRI PEL
apstel thlz

compounds that hes teen achleved in germanium, Howover, it appeurs thut

thoy are rapidly approaching tha point where they will schieve such iepurity 2 atborn

contral, RITRCN
Sevarul othor faotors must be ccnsidersd thut modify the utove
plcture. Thero are no assurances thut there wes and is so intensive un
affort in this fleld in the U,5,5.k. 08 in the U, S, It should be recalled
that many of the mon vho ura outstanding in sclid-stnte work in the Soviet Yt Yuer atd]
Union (ses 1ist in Section VI) ure also outstanding in nucleur physics.
A, F, Joffo 4o un outstanding nuclear physicist, It is kncwn that he went tamaly, the
into nuclear-physics work toward tho end of world Wur II (urourd 1647) eontitauing
und that he is no longer putlishing or sclid-stute work., His last knoun trepe waTo Bl
publication on solid-atate werk is duted 1546, It is possitle thut o sovera Wf gt

shortege of men to vork in the solid-state fiold devoloped vhen intensive 1 ‘he '.‘.j,. -

foteterast

atcale-tomb research sturted In the U,8.5.k.

xvill
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If it 48 po' vammed that '.hnn; {5 & shertage ¢f soviet polid=
ctuts olactrical-devico resourch pecpla, 1t is possitle to look at the
aituaticn ag followss u lurge wmount of affort tekind cluasified sereers
nuy te goirg cn, using gorzanium, silicor, and other wietlar poz!cor:luctors,
1% 1s poassible thut the informcticn ubout porzuniua did nr' ot {nte the
Soviet hands until sbout 1947, It fa ulso possitle thet the Doulets 1id
not uppreoiute, to tha fullest extent, the ai;jl.i:‘icm.co of the werk that

. hod teon dono on gormanium, Ad un oxumple, thoy might have leckad b
this in the sumo mannor thut Furopeans locked at Vervey's verk cn controlled
vulency in transition-metul oxides. Thuse Eurcpeun actuntisls, though thay
did oot discredit Verwey, did not uecept hin viewpcint whon ho first jre-
sonted this information, It can protubly bo conetrued that tha Srvirta
ulso udhorod to this Suropean philosophy cencarrin imjurities in muter-
1uloy if 80, since the germunium picture i3 quite piaflur t¢ that of cco-
trolled valonoy in cxides, it might huve tuon rFujectod. Conaayuantly,
the date ut which gormuniua might huve teen corsidored first in Soviet
Jutoruterios could have boen s late us 1948 or 1649, ufter the ‘ranaister
hud been announced.

There is onother consideraticn which suat te aentloned hern,
numoly, the supply of gormaniua in Euat furope and apfa, There aro saveral
conflicting roports concerning-thin supply, As shevn in the 140000kt
there wore several articles on the cccurronce of gurzwnium wod the chaalstry
of gormunium which point to attezpts tolng under vay &7 (ird thin elazont
in the U.8.3.5, Under clusodfiod hendings, it is sncur. that goraunium g

of intorast tc the soviets in Euat Gorzany, Further, it ls encvn that

oo
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germaniun dotectors wro appearing in tha Q.S.S.P. It io posaible that the corearcr ¢
scurcity of guroanium has beun the primo reason for tho lntk of woviet Werk
on this muterial,

There doed not sesn to tu too much support for defiritoly statirg
that gormunium work is going on strongly in the Soviet Union. and ‘thut sil
of this 1s being élmnifiod. 1f there is u large wmcunt of wory geing on
in this field, viv. would be indicative of an muzingly ctnp‘lnm clnssifion-
tion of selactod types of solid-etate 1iteruture, even tc literature oo the
theory conneotod with imporfectiona and {mpurities in solida vhich {5 net
presont in Sovint litoraturo und which would te u goud indleuter of clusni-
£40d work oo gormaniu,

Barying the seemingly slim possibility of rorfect Seviet clunsd-
ficution ystom of selectud tochnical lteruture, it uppours that the N

0.8.5.R, is trailing the U. 5. in the solid-gtate clestricnl~device resourch .y .
t st le

f161d; This is due primarily to the posaibility thut thoy did not study . .
in gset Cad

gornaniun until quite lute {essuming thoy uro now) and ulso posoitly to o

lack of germunium, Furthersore, it appours frem the studies thet have teon v Lo ’;.
accemplishod thot o chunpo will huve to oceur in tho U.5.5.F, in order to
ovorcomo the advantugo ip this fiold vhich has boan ottained ty the Uu 3. abiagd L
a8 a result of oxtensive transistor dovelopments. ’
Attempta wore mado to determiny tho rute und oxtent of inter=
oxchango of informution among pooply vorking in sclid-stute rogourch in the
U.5.5.R. A good rolative compurison with the situntion in the [N ccul;l
not bu obtainod., This will require & ®ors dstailed study thun hap tesn

possible ut this time. Evidonco wns found of toth geed and poor industrinl -
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regenrch institute esllateratiin, Alno, avidence of teth segrevariin et
ccllateraticn of resourch prouys was ncted, It s werthy of note that zany

top-runking mon in this (1nld are gere than vell acjuninted with all asjacts

of the fieldj this suggoats peed nterchange of inferaution, lafinite

indicutions of uttempts Lo izprove 1’!‘.("!‘(‘.?‘.-&’\&0 af {nfermaticn vere wparert,
Tho principel instigator along these lines aprarently ia A, Foodntfe, ot
i3 possiblo thut interchungs of 1n|’on:‘unon men U . sedentista in
institutes, industry, ond various phases <l the scli4=atnte regearch fiol}
may to oquivalont to that in the U, 5,

It could net, te dotermined whethoer meat of the industrial-
rogearch porsonnel are detorred frem pullishing thelr wire. Thin enuld

77777 ta true Locuuse of ccmpany pelicins or pevernmont clusaificaticn, or

tocuuse industrial researchars are nct conaidered top-runiirg fars.iieis
It i3 tc be noted thut lMtarature frem such sources was in u air-rity wA,
in most cases, of inferior quulity,

Saction [I prosents a detuiled analynds of *he yari-ug fucisrs

involved in arriving at the following erreinalona,

Corclugions

1. The Soviuts sheved an enrly frtereat wd caradlliity fn
sontcorductor werk and were pacing Gergany in the flall of sclid-ztats
aloctricui~dnvice rugearch in the late 19301,

.

2. Seviat wery has teen directed touard n tasie understwling,

as wall ac the practical applicutler, of sssircndustor,
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3. The 3oviets appeur te have the potentlal sbility 0 surpasd
U. 5. offorts in the sclid-stata eleotricul-davice fiold, It Is not w.ovr, X wtornaie
however; if thay can threw enough manpewer and ‘-qui;ner.t into the fleld to ' [LREZFTISTN
lcompsta with the extensive devalopments being mede in the U, u ard allled B that vithin

countries. ‘ 12, .

4. Soviot efforts in the solid-atate elestrisal-device fisld have . e niunt rogr

been primarily cénfimd to compourd semicorductors and insulutors, wrd huve i kit oy .--~
involved major studies of (1) luminessance und photoeffscts, (2) dielectrics, o ) 11,
purticularly titunates, und (3) negnetic effects connocted with intermetullic ) 1018 §-;%ata
cempounds and semimetals, B tiira dnziud
5, The Soviats ere truiling in solid-stste aloctricul-device i fla! tcto v
reseurch, appurontly beosuns they concentruted their afforts on ccmpound
soniconductcrs ingtoud of olementel sanicondusters in 1940 und thercarter. E rosenreh ann
6. spparantly the U.S.5.R, hus only rocently sturted studies of ) 2t Lot
gernunium und silicon, It 1s ostimuted that this effort is probubly not so il friuetry,
lurge and s on  ormewhat lowor technical level thun in tha U, 5. tewavor,
1t s important to realize thut thoir efferts on ceapound aen!conductors
will prove helpful to them.
7. Exumipations of Soviet litaratura relutive to U, 3. litersture
revoaled that, with regard to uny solid-stute olectrical dovico, dcviet
versicns are oither trailing or, at best, only coapurutlo with L. 5.
analcglos,
8, Thore i3 sugcestive avidence that classificutisn of Iitaraturs
in this flold has occurred in the U.5.S.h. since 1949, Thls is oppeciully

true of rectification studies.

xxid
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9, Eviderce of toth officient and {nefficient {nterehwgo of °
inforsution azong workera in the solid-stute resourch field vas found, It
18 possible thut their interchangs of (nformation iz clozely equivalent to
thut within the U, S, »

10, The 3ovists huve not spplied chemicw! censideraticna to seals
ccnductor pretlems so oxtenaively ua 8 necu:au.ry‘. ‘hare ure indicati re
that thoy reccgnize the importunce of this,

11, Host of the Sovist lowlers in the solii-stute ressurct wd

solid-state oloctricul-dovice research flelds have Luen recognized. Exce;
tions include some of the youngor lewders and scme in industry or ct clasad-
fiod jobs who cunno’ putlish thair vork.

12, The smcunt of literature published Ty 3
rosourch nor 18 small wnd genorully of lov quulity. This suggeste thet

most of the Soviot solid-stute reseurch is done ty ugoncins other thun

industry.

zyild
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SECTICH |
EACKGRCUND OF THE SULID~STATE
ELECTRICAL-DEVICE 3¢

1, The oeope of Solid-3tute hesenrch

In attempting to determine tho status <f aclii-s%ule resanrst in
the Sovint UYnion, 1t ix firat necergury to “Etalr n clour :feture of what
i3 meant by sclid-stute research.

Speaking vory troudly, sclid-stute resewrch fa the stuly cf the
nuteriad verld, w specific rovoluticn of the ccveragn of solid=stute
roseurch is given in the fcllowing,

Thore ure =eny applied usjects ¢f the sclid-stuty research fleld,
w8 shown in Figure 1, Hare, 1% will Lo noted that physica, chezistry,
motullurgy, und eloctrical ongineoring all have solid-atate wajects, <he
uppliod fiolda roprosarted hern inclwlo ull of these wajecta,

Figure 2 1llustrutos, in o schugatle fuskion, tha tyjen of to-ls
used in solid-stute rosearch, It will to noted thut there are aggentially
threo differont kinds of toolst (1) theory which, cf couran, i3 im;-rtunt
in planning an utteck on u protlem, (2) oxyerimental tecla witheut vhich
no roul informuticn could te cttulned, und (3) irdoperdont varintlns
(prosaure, tomperature, and time or freguancy),

If sclid=rtate resourch 1a viwwed froe the stundpe int of purely
taaie principles, Figurn 3 $llustrutos the coveruge of golid=state rencarch
fuirly woll, It ia noted thut the totnl f1eld i3 41vided Into five parte,
numely, tfmmul, oloctricul, mochanicnl, cptical, nnd angnetic, [t is

reccgnized thut interustions tetwoon purts ylald muny rroparties,
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In gororsl, 14 con te said ;m If tonls aelected frce theaa
shown in Figure 2 aro used for cerrying out ressurch in cro ! the
f1olds sheun fn Figures 1or 3, and ‘the studles aro eorducted on orn of
tho materials shown in Figure A; sclid-stnte ressurch s teing ceniueted,

at this point, it will to noted thut this definiticn ircludes
toth tasic and applied rosearch. also, -4t will ta noted thet aleguate
clugsification of muterials is not given {n Figure 4. This ffrure uttempts
to clussify rigidly 1) types of solid maturinla, tut it fails tc do so
since meny motorials exlot ua tranaiticns tetueen the tyres indfcated. .In
addition, it must also te realized that ach tygo of erystalline sclid can
te oither meno- or polycrystalline, ard tha cryatal can te elther jorfect
or imperfoct, In passing, it shoul! te amphasized thut such sznll differ-
ences us porfucticn vorsus imporfection of a erystul mewns *he 4iffurence
tetwoen cbaerving cortain types of properties and rnct otserving them.
Ancthar conment of lmport ic thet ono sclid chenical sjeclen my exist in
¢ vardety of states such us vitreous, lmperfeer crystul, ralyerystulling,
or perfoct crystul,

Although the clussificuticn of cclida in risure § 18 ne® wraful
in ell cnses for all purposes, it still 4s u very simple way of clusaifying
all typos of solids, rugnrdless of their crystal structure, jerfect! n, or
imporfection of erystals, and whother meno= cr polycrystulline, It w41l ta
noted thut electrical resistivity or wlectricul conductivi®y 13 usef us the
refurence variable in Figure 5, In this clagsificaticn, 1% w111 Y novnd
that motels wnd uwlloys, transiticn meterinls, suziconducters, wnd 4felostrics

ure major soparatiens, rather thun tyres cf crystuls, ste.
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FIGURE | FIELDS OF SOLID-STATE RESEARCH FROM THE
APPLICATION VIEWPOINT
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o. Materal Type —All are dishincl groups miin transitions ve'meen oil groups, + e sulfur,
selenium, and fellurium are transition sohds

VALENCE CRYSTALS T V ALL_O.YS
META
C,Si, Ge. ETas

g

~ i g

. i .

SOL1D~STATE RESEARCH

— } S

[ 1ONIC CRYSTALS
Compounds MOLECULAR CRYSTALS

{Holides ond some Sohd compounds
onides)

e P
HOMCRYSTALLINE
Glossy
Amgrphous

L Veeows |

b, Types of Solids — Whether crystolline or noncrystalline

[CRYSTALLINE SOLIDS
Ceramic melts
Polycrystoiline
Single crysials

NGHCRSTALLINE
Vitreous
Amorphous
Glossy

f
|
R

SOLID-STATE RESEARCHJ

¢ Types of Solids - Whether pertect or imperfec! crystais

T

' ‘ |
IMPERFECT CRYSTALS SOLID-STATE RESEARCH | | PERFECT CRYSTALS |

FIGURE 4 SOLID-MATERIAL TYPES CONSIOERED iV SOLID-STATE
RESEARCH

4-6628
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Insutqtors

Semiconductors

in ohm-cm

p

{
" Tronsition Region
e *

'
Metals
1

FIGURE 5 CLASSIFICATION OF MATERIALS BY THEIR ELECTRICAL
RESISTIVITY
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Gne very importunt thing thut resistivity as the variutle allos,
in the consideraticn of sesmiccnductcrs, {8 pleturirg the variubility of cee
chemical spacies of puterisl s & function of {mrurities cr {mperfectises
in the lattice. Flgure 6 demonstrates this sprewd for three zaterials,

It will te seen luter that resistivity can te helpful in Afecucsing eclid-

stute eleotricul devices versus nature cf material.
u, Fuctors Fertirert in lelectirg forticn of Fiald to Survay

The proceding discussion hus uttempted to doscrite simply unt
triofly the solid-state research field. It Ja roudily scon froe thie
description thut the solid-stute reseurch fiold is tcth tremenious in size
and highly esmplex, It &z sprurent thut scms of $ta urfacte nre
usually considered under sther Foudings, for exusple, metula. Alan, muny
uspacts huve toth rurely scientific und upplied ructicul valuse, Cn the
tusis of this over-ull inspection, it wus docided thut the par’icular
purt of solid-stata research which should be surveyed weuld re.sens thrae
mujor attritutes, Theae ure:

(1) Potontiulity to wivunce the theory of the sclid atute.

(2) Folutionship to the most rujidly tevelopdne nev

{rdustry and tc one which {o.nlso strongly affecting
our way of livirg, 1., electronicsn,

Closa rolaticrahiy to Intelllverce ctfoetivey cf
development of cluetrenic guldunco ard cen’rel of tme

mackines of wur in sarcasutiecnl i sasccinied fields,
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The theory of the solid stute which is n‘w teliaved te te apcli-
cable for oxplaining the behavicr of all tyres of solids is tesed on
quantun mechenica, which wes developod during the reriod frea 1926 to 19:5.
This theory postulates thet the forees holdiny 0lids tognther huve primarily
un electrical origin, ‘uantus mechunico forpulates nuthcnulicully the
forces and moticns of ouch of the atoms in u solid s u furction of wll the
“other atons surrcurding it. Expressing the mochunical protlem of ‘thu ootion
of & very lurge nuator of purticlvs, ull sxerting lurge forces on euch
othor, results in u 4ifficult muthemuticel protlem which louds to u atuie-
mate in 80 far us obtulning o rigorous solution of the squution i3 cor-
corned. It would teke muny yours to caleuluto oompletely the wnowera to
the equation. In shortcutting tho stilemate, upproximaticn methods huve
teen used. Thooreticul aporoximations have given quuntum mechunicul modela
of tho structurs of crystalline solids having rerfodic lutticer. Tho tund
theory of tho sclids resulted from such upproximeticn consideraticns, It
must bo recognized thut it is not the final anawer for ull cases of tho

sclid state. It should te nctod thut, since the forces holding a solid

Tt e (FBSI

+

togothor ure of eloctrical origin, studies of the eloctricul properties of

Lrod

some 80lids contribute mors strongly, rupidly, snd directly to tho wdvanen

of solid-stute roseurch than the invostigation of wny othor property,

b, Solid-State Flectricul-Tovice Finld

S FTRCOTr

In view of the atovo, it 1a rossitle to select the particular
ugpocts of sclid-state roseurch to te survoyed in dotcrmiring the technicul

capubilities of the Soviet Unior in solid-stute rosoarch, The nume which

0
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cun o used te dumerite this pestrieted jortirn ¢f the ¢ iii-stute feponrch

fi0ld {s *he sclid-atute clectrical-device fteld,

A rolutive ploture cun to polrad of the cover.ya of solid-atate
oluctricul-dovice roseurch versus the totul sclif=stute resonreh 47 Flrure 1
‘is roduced to ‘ipure 7, Koto thut thuae tlocks tasad on zeriuctivity,

ddeloctric ccnatunt, megrotic propertisg, chealeu) propuratiin cf a:lits

i

wloed towird purificutisn of single eryatals wAd centrel {mporfoctiong,
wid nosochuted subfucts wra shown here,  The teels of ressrch In Fliure 2
are thy e, slthough sces wro used sore ‘thwn others. Frem Feure )
solil=tut aloetrical=gevicn roseurch miyhs b conatd red az inseleing
thy gtudy of tleetricnd, mygrntic, und oftirul anpmenty jlue o ety 0

interactions totwenn alustricn) wnd wll of the ether sepzenn zhownoln

Figure 4 attonpts to deseribs the tusle ;urts of ke o Iii-atelte
cleetricid=dovies fiold, Hero, 44 {3 nctad thot thore are enonthldly
throo fucuts to this finld, wnd ft should B memcgrized that thia {1 true,
Jhoth r tho ctfective of the verk 1a tusie or sppdieds This 1= ountjue
footure of thiz field, & scecodled comyenent muat ftan oo gre; tefore
fundumentul studies o Lo sturted, Fundaasntul wtudlos ore oot peecinartly o
earrbid cub on the cepporenty, tut it must booanedn ha the mitordll b te
occur in the cozporent i order to ceniuct jurtinent Dnlpent
on the matorisl,

In order to hoip comprehend the extont of Ahin Teld froe all

racly; suterd da, prer [ AR TR RN IS RS- LR A

claseifiention of zutirilly ws o furetion of reatztivity, shovr inofloure
kN )

13
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" s of i.'mut vu]u«‘). It vil) be notod thars that the pesfativicy iizits ut
‘room tmguraturs, uithin which ull zatirials are found, v 199 chasca to
spproximutoly 1018 oha-cm, Thota muterinlo oxhititing rosfativities rwir.r.
from 10% ohn-cn to apgroxinutoly 1018 oha-ce aro nersetidlde, In the cusy
of those mutorials which uro normstellic, very {ntrestine, ‘vuriatle, and
scmotines unprodiotubls uloctricl proportics nro fourd tecsuse thelr fro
oloetron concontration is not 9o high ss in motuls. In gunoral, natoriuls
fulling in thia rortion of the resistivity spectrum wre ehuructorized un
followst
(2} The matorinls oxhitit olectricnl -u;d upsociatod preper-
tiog which uro reluted to the resistivitlus,
kuny prcpnrtion'nut common to motuls ure found,
Tha proportios peculiar to thess materisls land to nuny
usaful uppHeuticns,
launy of tho propurties poculinr to thass mutarie
functions of fmporfucticns within tho erystula,
The rango of mpurfoctneis of o pur'v.lcuhr eryatd nuy
te vurlod so that fto verictien fn reststivity oy b us

nuch &g l(Jm oha~cm,

Figuro 9 f1lluatratos the relatfenship tutwoen the reofstivity nd
the prosuntly known upplicaticns of mumpatullie = tordely, It will be notid
thut tho nemu of the wpplicetion, in scme cuves, «lso revedds thy miture ef
the purticulur prepsrties which fundumantally «llew the application to by

roalizad, For oxumplot
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MAGKE T CS

{Based on “tagne.c Proper’ es
vatious mognet:c devices

CHEMICAL PREPARAT %
OF 50109

J

Vs

tmpurity contross
Crystai studies
Duftusion studies

FIGURE 7 SOLID-STATE ELECTRICAL-DE . /CE RESEARCH FIiELD
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Pilot-Piant
Production

SOLID-STATE
DEVICES

MATERIALS
PROPERTIES

FIGURE 8 MAJOR FACETS OF SOLID-STATE ELECTRICAL-DEVICE RESEARCH FIELD
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Fheophoruseancy 1neds to pheephers,

Fhovosloctric aftoets levd to photccalls,
hactifientton offncta Ioud to mootifiory, thoded,

nnd trunpistors,

load

Ranr-core tegpornture conffiefants of rerintunce
to rosiatera,
Jdeleetrie neture dueds te cupuettura, elecires
nachunlicnl unftao, ote,

Tatle 1 plves scoe specific fnforantin about the i oneral oaggide

o {a) the functton e

cuticne Indicuted in Flgure 4o It QUi be nat o ke ()
the gurts, (L) the naturs of the astoriads uged o dniuatey inoprotucing

cffamaty ot L e tve et epnlicent

suck parss, 'nd {c) ccan spcsfic
in vhich thuse purts ure used 4 the UL 3, wre slver.

Flpurs 6 shows the panpe of rexdacdedrden cynttgned bty T

cxompliry puterinls nnd ntlentes e ahifts of the rostatlvitdes in the

e e tinent

putorials 1o te sulddple spplictions of sho =t rials, o

te point cut hure thul the practicad vane of acat of thewe rutoriala toolee

nuted dn Tuble 1 cannot te renlized untdl fhey Bom Loen earel wrified,

apochully tronted, wnd propared by special metlods, which ta the furctlin

of the materiule prrt cf the scherntic dingre (Fipure 4.

At this joint, it tecrer s jeeaille o IETISSATEIINS LD S8 £
fully the nature of the tlocks in the schem.tle Hlagree for 2 lentata
Jloctricul=dovicy regeurch (sos Flgur, 8), In copnectiun with the "muteriala®

tp, Mmetoring® dn hyper-

tlock, the work is conce rred vl purifyine sator ey,

purified putorinds, speednl fzpurities, er ltaporfoetiora vhich vyart n
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Cemponent,

Muteridd Purforning
frinary Function

Seon Applicutions

Ury-dise roctifiers

Cryatul dicdos

Transistors, field-

iators, etc.

“Farmocouplus snd
therrooloctric
genaratore

l.osisters

“heranictors

Vuristors

Fhosphors

rhetocells

Infrured detectore

oe, Ga,

51, and g

Go, 51, R, T1Gy, und
FtSe

Ge, 51, 5, and it3e

715, ondt, and e

Curton, torocarton,
jd-nu wlloys, nitrides,
ailicidap, und oxides

L10, N30, ¥i-Fo-Co
oxides, end Inzsl}

5iC, rectifier asters
{nls, and buii0q

51licntes, phesphutes,
sullldes (Cd5, 2r3),
und hulidoes

3, FtTe, and itoo

00, Cuzsy 7105

Jeaor oupplies for nll
typen of alectronde
equifmont

Getectors, clipperd,
limitare, wd instru-
nents

L.rhfiurn und ti-
statin olements fer
crmyutnrs

Topperuturo dotectors
va tharpal gorerstion
of podor

A1 nloctrenic uppli-
autlons, Lype ie;und-
ing on -quicuticn
ciriiticns

Temperature detecticn
and temparature
conrels

Aghtedng wrres 14018
und volture varintle-
resistunce contrels

Murzinis, visual dis-
play ¢f infermution
frem rotur, olectro-
Lmineocernt plutag, vt

Lirht-nonsing devices
wid centrol Ly use of
lirht

ietacticn of Anfrarad
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TAEIE 1 (Conttnued)

Compenunt

Wutorlel furfcrzing
rrizary Functicn

Scee Ajfileaticra

Yugnota

tloctrical trushos

£loctricul contacta

“azonlectric
alenonty

Jlelectrics and
cipncitors

tlactrophotegraphy

Somiconducting
nlastics

Crystul countors

Soniconducting
gluzes

Trapapurent con-
ductors

Ferrites (lerrcangnetic

cexidns), Fu, ¥4, in, Mn,

4 oxides

araphite and matal-
praphite ccatinaticns -
(resaftly MeSt, In5)
Hasnls, ulloys, otec,

55104, uarte, wd
f,rchn}ln 3alt

847104, 1105, eicu, jpaper,
rl»:st?ca, g%ua.a, ate,

o, on5, G, and So-Ta
vutectic

Curboneinprovnnted srgudcs

Sluaond, onl, €5, wnd

Sjociul coruzics Joudod
with FnZG]

snC,, InG,,
{n. fluss®

3lugs, wil w.lerfin
reds

Cepnutat! n and olace
trical cont
grving, ecvalle mestars

Al alactronic appli-
cntinng

Prassure-asnaling
tovices, elvctro-
zochanlenl ‘rung-
tieers, ard frejuancy

acerel

All nloctronic uppli-
caticns

Pupte, dry crpyirg of
3438, printed zatter,
uid Jeruy detectirn

Instr-gentatlon and

anaalragatt, A
tne, wrd detaction

Plenier realat-re,
houting, ant fleaning
Elyh=vclinage dnaul-
ntors

Hoaing vintaninlda,
«lagtrolminencant
platen, realatore,ate,

2
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definite contrzl on the sloctricnl charsctoristics of the goelcenduetir,
w4 developing methuds of producing yuantities ¢f this zuterial in the semn
cloctricnl wd chemjcul atuten,

The tlock labriled "[‘rr.y;r'.iuny“, e the otrer had, aay te ecnsid-
aredl ne fc)lows: In this entegory wre all tho basic evalusticns of the
»;mp:rtinu o rnuterluiu troduesd thut can be clasaified o8 ulr.lc?.r‘,cul‘
anulyses, Vork wized ut arriving ut eleetrical endibruticns whick irdicuto
the degroo of jurity or the degree to which certrol is uehieved in netoring
in ono impurity, stc., is included. Ir the cusn of 4icloctrics, tiv nuture
of *he {rwes*iguticns do semowhut differont, Hewewr, in ull cuses, usoful
conponunta ug e results can bo uchiaved only if Loth thy nutorinds und
the projoertios ag ects are thoreuihly ecnaldered,

¢, a fnrdatick for hvuluuting frceress in

selld-Stute Electricnl-imvice Roacurch

In wtrompting to mousure the technical epnkility of n cruntry
in goldd=utute slectricsledavica reswureh, $t fn ctvicus thet tho puter
of puople, the latoratcries, wnd niso thu pererdd type of wqulfeent avalils
@o must bo considnrad, OF pruut fzrertunce, howaver, o the typw of
orgunizution st up ‘¢ hundlo tho Tiedd, It fa of prestost {aperiunce thut
the orgunizution fnvolve three purts, S.u., outerdwls, wdysls of jrepors
thez, o conponert levolorment, 8 45 indiectnd dn Freare 1, It would
uppeur that the Seviet copalility in ‘he scHd-gtute ell‘c'.rlc C=levien UM
weuld to mongured Ty hedr ability to mwse arnd contrel cryatulline eatorfuls,

specificully dn regurd to types, wwunts, ool dlsperaion of £2dus und
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Imporfecticna; the axtenslivereas of their pvaluatien of the eloctrical
i
[!'C"’JI'H.U.’, of thage oatorials; the Josancs cf thelr wlectronics 1!;1;5'.[’/‘
i i

and the rgerutty used in devale;ing sclil-state devices,

2. World<ide Kiatory of Sclid=state
Electrical-Dovice Hosearch

Colid-stuta alnctrical-device rasuarch {s a hylri! rield, irier
to 1934, this fiald di4 nct wxist, In genernl, te atart this fielf fully,
it roguired (1) the dovelorment :f quantum sockarica, (2) tha prowtl o7
tha oloctrenies industry, and (3) the recogniticn that rum rous astertals
oxhitit many of their slectrical erd cptical jroparties cnly Locau-e *tey
contaln ipparfect crystuls,

Sclid-stute electricul=dovica rancarch mas-men n rather unljus
rosftien, 1t {5 u field contuiring frizary aystariny vhich are functi-rs
of larurities ond imperfecticns in luttice structures, Heuower, 'ho rwce
spociuens which nre taing studied to cbtuin nev snovledge simu)twscsly
ure boinp considared for preductirn, sirea the epacizen zur® ritan to in
thy form of wn electrical dovice tofore it can ta atudied tanically,

Lo thin Yuct thut zukes §% recassary for way rrgunization 4 ing this tyie
of raseurch to have the faciliting for deing upplind regourch, un vall ws
fundanontal research. actually, selanium wd errpor cxdde rectifters,
curton resiotors, und u fow cther solid=state electr-ris 'evices cga inta
oxistunca bofore the solfd-stute alnctrical-davien f0eld hod 10g atelllfzed
toginnings, .'h«:.o‘ dovicns wore {trma mudn by recizer and Lere waad 0 pime

extent in the eloctrical {ndustry in the aurly roricd 2af-re 100,

a3

CONFIDENTIAL

SECURITY INFORMATION

Sanitized Copy Approved for Release 2010/05/11 : CIA-RDP81-01043R000100210003-0



CONFIDENTIAL

SECURITY INFORMATION

AT

Outstarding milestonon in the eerly davelopment cf the solid-
stute cloctrical-dovice ficld ircluds the followings

(1) -About 1934, the quw.tum mechunicul thucry wus. ccepletud,
Thia thecry cun expladn the t;xhuvlcr of solids, Sutgequontly, ‘iprer in
Goreuny, Slater in the U, 3,, Yot in Englund, wnd A, 7, Joffa in the

U.5.5.k, eet up schooln for the purpose cf applying this thuery to collda.,

The first Injortunt result ottuined wes the solution to the quuntum machan-

feul oquutions for solids using upproximution methods, This resulted in

tha bund thoory of solids, which ts u fundumentul cornarstcne of aclid-stute Loutng vy
I W V

eloctrical-dovice reseurch,

(2) About 1937, both Schottky in Germany uwnd Duvydov in the 40l st
Tinid by

U.5.5.K, developad Lurrier-layer spuce-churge thecrles to explaln soleniun
ractifforn. Thoso thoories and the asmmptions contedned in them wars tused .
teratar

on tha band theory ¢f nolids und ormod wnother tusic corrsrct no of this N
exzaryt {

flold.

rnany,

(3) 7he olectronico ficld hud atoudily doveloped ull cvor the )
elactrica

world feom ubout 1905,  buring the 1930's, this leld vus ready to take u cenent U
significunt rluce in thu world, Feliticel wnd ussociutod events ¢f the late
30'o wore ull that wen nocossury to ini‘iute the rapid grovth cl the elec- . ————|
trenfes industry. The demunds for new, more powerful, hicher fruquency, ’ : ) ) Qe 1
moru relinhle, lower cost, smallar, wte., oloctricu! dovices tecune ovident
in the eurly 40's,

{4) busic studles of the propurties of solidn Inifc.tud thut

many proportios could not bo uccounted for on the tusis of the :und thecry

of g0lldn, which s tused on the wemnmption of u perfuct 1.ttice structure.
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The sesleonducting muteri«la vare exmyles ! zatorials vith unex;iainal le
;‘rc,'l,\.r'.!es. Censequontly, studies vere started {n the late 1¥27's on
saloniua wnd coprar cxide and ather seziconducting matoriala in erder to
arrive at scme explanatien of the variatle ecnducticn in thes nrd, pubse-
quently, to exploit them further in ‘d-vicon cther than roct!fiors,

Hoshing theso avents togather apells ou’ the solid-atate
alactrical-davice rf{eid, A Lird's-syu viev of the malor activities
uccomplished in the late 1930's and earl- 1940's s obtained in the fcl-
lewing ways

For scmo {doa of huv thn aclid-state eluctrical-device researct,
441d shaped up in various purts of the werld wo a result (f these tagin-
nings In the lute 1930's, it o worth vhiis to exaaine srveral ;irces of
Hturature, Considerution of an articls written ty b, 5, S'nmuky“), n
excorpt frem u research planning program wrizten at Coran '.,:urvmy“).
Garnany, and the goneral atntus of wvork on semicsndusteors wnd sclid=nta’e
clectrical dovicos In the Uy 3. arcund 1940 louds to the ounclustcns 4ia-

cussed tolew,

(1) Tha_leninerad fhysjco-ioshnical Institute of the asndeny 5f sefeiceg
UeBySoby, Mo Oo Seodnney, Jy Hxgtl, Theepe, thys,, Voo ok, Mey,
1940, Vol 10, pp 576-580.

(2) Excorpt frem a pluning frogres ontitled Garepal irorrma oup .
Loy arriicaiden of Jacicenductors fused op Selontific Tonaiteratd oo,
Caran Cempany, Gommeny, 194.-1945.

“ransluticns of (1) aid (2) are tnclwded in appecdtx i,
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‘ The Gsroun work outlire for the fleld of meziceniuetors and

Harrvercd o
ullled flelds i primurily u greup of swrestions concarr.iry the irventiocr

of new, rructicsl, solid-stute alectrical devices, Ixurinirg this werk
outline frem the vantege point of the present, wnd locking tacr to the

stute of the samiconductor fiald irn 1945, results in wn winzing conclusier,

cinslfering -
nuzely, that much of the werk accomplished during the pust six yeurs in

having a lal
the U, 4. 13 predieted ty this outline., Yew developmonts, ruch wa

trunsistors, olectroluninaseant flatos, thermistors, rww culalysis methods
fer golid-gtutn studlos, rev rectifiers, toth dry-disc und dicde tyres,

oluctrestutic élutch(m, high=tamperuture roctifinrs, seniconductor cuthedos, b e

1S SYRNOY 19
now infrired rhotocolls, und low-ncise-lovel wnd low-tamparuturo-ccofficiert Suvion rotn ]
high-stubility reatstors were rrodicted or indicuted us devulopment possi- soen tlor of
tilitics in this outlina, .

Severul reporcusatona of thig revelaticn we to te roted. Firat,

the Osrun Compuny wue loewtad In Lorlin, wnd 1t wus ulmost totully enecon- .
WL eraen
pussed by the Sovists fn 1945, The plents of the Gorum Compury were gep- -
Al
fiscutod wnd remeved te the Ua348.k, und many of the jurscrnel wers tukon

redenret, L)

to the U.S.5.E. It 48 expocted thet the seviets, thersforu, obtulned the resonret,
udvuntugo of this sume outline, ancther tyre of reporcussion, howaver, is

the implicution of this outlire us to tho extent of semiconductor und 8olid-

stute oloctricul-dovica rosowrch in Garzuny during the period totween

ubout 1938 urd 1944, In ordor for this outline to h.ve toen written, oxton-

slva otuddes must have toon mude in ull of these fielia,

Frem information cbtuined during trip to inglund, where muny

Gorauns uttended the Internutional Semiconductor Manting in 2957, 1% vus
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discovered thut the hugs wiourt of werk done duriry this rerisd vas
confined to compounds. Appurently, no vork hud teen dene cf. geruuniia

or silicon ir Germuny,

Scminaky's urefcle cenvaya the Impreesicr that the Sovints vere

considerirg aclid-stutn clectrical-dovica ressurch in un excollont fushior,
huving u laboratory dovoted to it und an organizatior. set up which cculd
function wlong fundusortul wnd upplied lres, This wrtlels olso conveys

the idou thut enly ccmpourd son corductors wern {nvestiguted.
Two other urticles, one by Oatcr(n and the other by lmz'ymmv(“J
ure niso holprﬁl In evaluiting tho stutus of sevict sslid=stuto eloctriaule
dovice rusourch during the infiney period fn the lute 1932's,  hey give
somo des of {ts olactronics beckpround, These wrttelss tend to sujjort
the opinior thut resuureh in the Sovint Union in thy dacede of the 19)('s
achlovod just 8 high atundurds «o eloctricnl resewrch which wes curried
on in Germeny wnd the U, S,

Actuully, the tepinnings of sclid-atute eloctricul=favice
repourch, incluside of the tyre af crgandzution rejuired for dolng this
rosearch, wore not «ffeetiva {n ¢he J, 5, until wbout 1941, sceevha’ luter
thun in other countries. a% least this (s tho izyression oliulred from

the open Mtersture, It i3 knoun, however, thet considarutle nifort vua

in progross befere 1941 ut varieus latsratorias, such wa tha koll Julejhens

(1) ilectricul Fopgurch 4p she Ji5,50 ., ferald Cotor, J4 azel, Bur,,
Murch, 1945, Vol ib, pp 121-12,

(2) Ihirty Yours of Soviet tlsetrenics, 5. Yu. Lun'punew, (3o xhy

. Flpicheaidkh Nk, 1%7, Vel 33, A trosl.tion §n Incluwind ir

app tdix 1,
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Lutorutorfes urd Gereral Electrie, This tyjo of fﬁﬂt{')!th with {*a required
crgunization sturted in 1941, cn the ava of U, S, entry into Warld Wur 11,
Gernardum wrnd.0ilicor wers the materinls chcaun, end the purpose of tha
work wug rvrlmrily to davolop ruAr«r, nenoly, flrot wnd seeord dotegrer
dioden in rudur wnd ultrohigh-fraquency conmuricatior units,

In gonaral, whon the infuncy porfed of aclid=atato aloctrinnie
daviey roseurch is scrutinized, {1 fs evidont that, in the 1.5,5.%, xd
Gormuny, the required movaa for doveloping this feld ware pude arrlier

thn in the U, 5., thus piving them o timo wdvantuge,

"
regnatan AL

ns uael for
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SECTICH 1

ANALYLES LEADING 10 toTIRAS

STATIS UF SULIL-STATE PRILACH [N THS

In this Section, irformation {a presentad which ulee;ts to shiv

the. rouncning used to arrive at the otatemorts and cenclusiors |

%

et in

the Liscussion of the Sumnary porticn of 'his rejort,
1. Gver=ill analyoss

Groupirg of the literature <n sclid-sta’e sloctricn) ‘avices wil
reanurch into the outline of zemicerducter anterials and aznuciated wirs,
us used for tho morld-Wide yigest of litersture on Jeedcipductiy in 199
and 1951, hus teen ehown to te effective in domcratrating those ;orilors of
this flold whick ure cf mnjor interoat ta the Lovieta, .he feranalit
fivlds of interest, and facilitins of invernst, as nstarl{atat Irie “he
Uterature survey, all agreo guite well with theme {ndlanted ty o'her
invastigators. Thooe results sugees thut the gnmplirg o! ‘e I{terutura
wad wloquute. However, the vididiey of wny conclusfcna sade 2uzt Ye tnged
orn nn estimute of how good u smapling of Loviet litarnture vaa ~ttadned
urd whother the woviats have done work under secrecy, ' lo % be omphasloed

that orly the overt literature has teer, uzed or this atuly,
2, lcerature Connideruticra

a, Journuln

A Mat of 10 fournals fp pdven fnooection D11 I te nt chat
u contiruour scanning of work bolng ot lished fn che ailli-attemry lon
29
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f1ald would be possihle by procurinp the rine Journals presently belng sut-
lshed, G5ince procuring this ouny Jourruls might te u prollem, o gocd
ostinute could be mude by lockirg ut the jourrals from which more thun
50 por cont of the datu for the out feot study vere tuken, Thess ure

(1) bokludy Atadondd Muuk 0285,k

(2) Jeurnul of Teghnicn) Physies, U,5,5.R,

(3) Joursal of Exporimentul and Thooreticu) fhysics, U,S.5.0,

(4) Journa] of fhysicwl Choglst, S:8.R.
This rouacning wisumoo thut the journul:; will continue puilicuticn uleng
the prosent lines, Howevor, evon daviaticrs in rutilentien procedurs sight
bto indleutiva of rolitieu) or military utritudes twurd ofther wholo ftelds

of endeuvor or cortuin applicationa,
t. Covoruge of the Literature

Frem inspeetion of the literuture, 1% appoars that the Soviets
have dirocted their wetivitics in *ha solid-stutn olectrical~davice f1qld
over u troud region. By putting the litersture fnte u fom such wa Tutle ¥
in Soctien Iv, 1t 1s posaitle to point up tha fields of cufer interest ‘o
tho Sovinta,

Thedr oxtensive work i theory ard electriew freporties, rar-
tiewlurly over u wida ranwe of semiconduc “ing wnd asced tod autnrinds,
indleatns u pocl fourduticr in sentcordiveter rogeureh unioang Menticr,
Thoir mujor irterasts in the uppliention of semicontictors seem 1 ta

(1) lumtnesconca und rhetoaflects over a wide runge of oxeltntion frejun

equen
clos, () divlectrics, partienl rly t{twnutes, (3) rectiflars o 411 ypes,

and (4) mugnatic efrocts in {nterantullie corpeunds end senimetuls,
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Thie cceplete lack of Sovied purlizaticn on parsenta 3 protatly

not dus to 4 lucr of interost, In view of tho groat wacunt o7 data wyail-

sbio today. on gernanius and §ts wtractive applicaticns, 1% neons unlinaly

that the Scviets are not interested, Urdcuttedly, gorsanius (s ir shert

supply dn the Uuluo.l., tut certadrly there {5 arcugh wrallalle o thea fer

censideratle wory e te dena, Orly scell amiunts wre reedad Lo crejcnonts

auch a8 dicdes and tranafsters, Chefr wori onosiiie:n {clansified, alrce

he war yesrs slsc belles the Tuct that they wre not capadle of 3r inter=

crted in werking on crystal davices.

¢, Guulity of the Liternture

“ho trarciution and avaluaticn of meenral ftezn of Meryture

in various fields, dlscussed {n Jacticr 17, hua srovr that the p.al

of Soviet work in tha fields {n which *hey huve tuen wetlve ia gerorally

vary goud, It hus taen recognized by many lnventipatirs that ‘he O oviet

wbility in the thooretical aapact of the 5 Vleatate £latd e axcellent,

From tho “hecretical antest, Jnifrln's wore oAmpurity

of metuls Is cemmendurie, Aztunlly, ir tilswri, Letirin vaa eonslleratly

ahoud of the reat of the tharrists dn the warld, Pt g g tha Jreiets
wero not atle to solve thalr impurity grotiecs ac julerly ant comrlnvely

as Ald the U, . In 1946, a4 F. Jolle WA sthers woro Yordarire titsely

Ko

on the fisid of ‘ranstator offacts, which
wpolaren® theory of Pessr iz nlgo hignly crazantaic,

The Suviel applic

artly tesn goxd, in thlm [leld Loy
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role, Leme oxunples of pood plundrg on thelr pars are {1} the highe

tompernture alloys used in their Jut enpines and their thorough ard excellert
stullon of motuls, (2) thy worx lewling to turfum titaruts producticn wd
appliention, (3) dovolopmunt of the £,37°0 < 10,5 aferowpere/luwon thullim
sulfide pht;'ﬂcu]}, i) the hiph-volturn solondur roet!fier unn unced in the
eurly 1940's, aid (5) the enphusis on rudlintion receivers und, in gereral,
~the applicuticn of optics to nilitury sclercs, Thelr system of diotrituting
developmerts to Industry 2y ta very pood wnd is shortar in reuts thun {t

d2 40 tho Us S., sinco putants ure of ne cencarn and tha State is ull-

powerful,
do Litaruture Stutistico

Tho atudy uiwwin 35 Tatle V of Sectics 1% folnts out ‘hat the pub-
licutions of tho mora rocarnt yeurs (2549-19¢1" ure protatly tho least
roliuble for draine conclusions on the Lasia of ovart literuture, TR
o unfortunsto in thu' the recant yeurs wra those of greatest interest,
Arparently the Soviet stoppage of pubttcutions lewing *he %,5,3.0. hus jra-
vided in part the cemsorshdp dastirad,
It vas found thut ateut 7 rer cent of the Mterature In the

idgest of Lternture on Cezleoriuctars for both 1950 und 1951 wum of Orviet

[

erigin. Frem 1950 to 1051, there was un fncreuse a the nwoter of putlicu-
ticens dn gemo cutegering, as ip shown ty Tutlo 11,
In scurning soverd) works ucxczpliched in the U, 5, , Geraany,

und inplund, which hud large ti¥erraphivs, 4t wur rated that vary fow of

the totul muber of references wore Sceint, In scenrdng u lurge nuster 5f

3
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Tiele 11 3
DISr.T L 1
KD 1951

Cutogery Into Which
fofarenco Fulls

Seldds in Ganeral 8 15

4th Greup :lemerts 1 (on curten) 2 {erw 2n cwrban; one 1,
tin)
6th Croup :loments 1 (on seleniim) 1len soinnfin)
Comneurds
Uxidag 1 (on enyper- 2 {cow on 2inc-calntumy
aluninin) *hreu croceppur-t ity
feur ¢n ctoure)
Sulfides, Selenider, 6 (onn o cuimtiin 4 {ena on cuimbun ae [SEPY
and Tedlurfdea sulfidnj cne on Weoon ow! suiffdag
zine sulfida; oo on othera)

feur or othars)

Hulides 2

9 Suttotnl for
cearounts

Othur Mutoriala

Totul fer Year

fercentugn of World
Futlications
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Soviot articles, thy bitlienrurhies ganarally contadned r.u.':t‘u.- o Gerewn
reluroncos and very fos English roferances. 1t s ornly ratiral for an
wuther to refer to works vhich are mest faedliar to hia, and thess would
probubly be in hin oun dwgunge, excagt for the cres utstending eznough

Lo by translated,

“ith the iden that most =f the fornign rafercnces weuld ta *hose
conaldored importunt or outstanding, the toc;k by uill® vas used a3 n tunt
cuse, Senicondueting matarinls, such uws oulfides, nelenides, ailicides, .
und phosphides, wro considered fn this took, The rumber of Sevint vergua
tho nuaber of ?rplish, U, $., Dutch, German, otc., roforerces was recordod.
It wng noted that Sevint rofaronces redsminsted for the sulfldes, selenides,
8ilicidos, end phosphides, This wgreas with the data in this etudy which
irdicatn that the Sovints wre atrang In the fleld of
Tha test also ndicuted that this method of detecting outstandirp finlds of

the Govieta mwy ta usefr?,
3. Influence of Sermanium on the Solld-3tnte Fiald
n, General Censideraticns

Tha specific influsnce o pormanim dovelopm rita on all of solid-
state research aust be rocopnized befora there can be wi mprraclaticn of
the effuct or the U005,k stutus {n oold=atute alectricd-devics regnarsh

which has rosultod frem either their fadlure or delny in irscetipating

gormanium. It oust also ba realized that work on silicen and gueronnium in

“Thy Chomlatry wid Beipliurpy of Mscollennous Kuterinls; o orpedynaeics,
§;0L' wuilly NeGres-E1i ook Sumpany, iuc., Nev Tore, Nev Yore, 1y53,
29 pages.
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the U, 5, hus had ;stutlir*: 67Tuct on the yacum-tute mplifier, jhoto-
clenent, “hermeclactric-gererwor, raslater, wnd dleloctrics finids, In
fact, full urderstundicg ¢f the olectrical properties of uwll 3-1ds hes teon
advarced by vernuniun studbos, The rewden for this i3 thul the ,{umn.r.m:
cry:iul luttica is sizplo einco the lut'ice irvclves orly rte elozarnt wd
thy tonding of ull the utems in wehfeved bty one type cf Yording feree, the
bemcpelar Lord,  The fclloairg Mating {liustrates hov the atedy of per=
oaniuz hus cortrituted to un unieratanding cf sclida:
. (1) wn urdorstunding of impurity seuttarirg ard la’tice azulter-
Ing on olectricul cerductivity s u busfc considerntion which lud to
(a) tho bemburdment of Rermunium in routrer Srradiators (nothe intereat of
studying rediution~duange effects, (t) uaing clectricnd methets for fetnetora,
(e) the oxplunution of the mecharise of cradueticn in poran i wd 3ilienr,
and (4) unow irstiht dnto ressitle fucters irfluanedng eondustion in
com;ound semicorductors,
(2)  addittonnl Informatien on eryatul hulits wus <ltalted iree
u study of low-temporuture rropertins, Gernaniun, botng on sesicondrtrr,
13 expocted on the tusis of alnjle thecry 2o hava Linite renlatunce of
atsclute zorc, thus muxing t vway *o recrgrize ir atzple ‘hecry 1a wlegunta,
Thiz i in contrust tc meals, which oxh{tys the iovea’ raniatwicws ot
ubsolute zerc.
(3) & bester uverstunding of contng sotentind, mirface vy,
ond spuce-churge turrlers hus boun galnod,
(&) The coreapt of fetantinl barriers wieniy singls -ry1tida s

udefinte demarcuticr line totuaon reglone eontuining flarent tyrap
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of impuritios forms the tusis for u now fiold cf cloctrical circuits in
cryatuls, Tha purtielly per.ﬂn cancopt of "rositive kelena” wur strengly
vorifisd through work on germanium, .

{(5) It wna bacwuse of the witmalcus centuct-nedse and contuct-
potontiul churactoristics noted ot certucts totwoen mevtals and guranrium
thut the theory of eurfuce stutes was dovelopad and, sutsequently, the

trunsistor vas uchiovod using gornunium,

(6) One of the first oxamples of the case of aloctron waves

intoracting vith ucm;stir:ul modos was fourd, (I should be noted thu’ the
Soviets! Polnron Theory ulso conaldars this type of inteructior.)

(7) theordos of impurity positions in the germaniuwm lattico
tondod to gubstuntiatn Vervay's argument concerning the centrolind-valoney
theory for the transition-matad oxides, The orvoy. theory had toon scga-
what poorly weeepted fn Furepe prisr 4o this tlme.

(8) Thoru huve taon rapurcussions fraa the barrfer-layer thecry und
proving out of tho cencupt of interior P=§ lunctions in permaniua crystuls
in connection with the btroukdewn theory of diclectrics,

(9) vitheut the prior gurganiun uctivity, werk on lond sulfide,
loud solonide, und loud telluride, now geing on, might not huve rrogresaed
80 rupidly. Hern, purificuticn is pnrtl.y uccenilishod ty groving sinple
cry.vl.ul:z,. und fdontifieution of purity of tiw crystnls is uchioved through
noasurenents of uloétricul projerties, ) '

(10)  iha dogroo te vhich the bwﬁ thacry of solfds hug teen checknd

a3 a resull of gurmunium work {s quite 51;:1411“1‘c1-r,‘., urd dogerves tho highest

praise.

3%
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1% con Bo sadd that the jregert experimentad ofrroack o phesphors,
clectrelunineszency, phetneudanion, wid photacorductian has toer 1nfluerged
bty garmanium worry The lurrisr ecncept of rhetocinduction hns crme okt
a3 ioresult of thony findings and of the l\t:'r:;;/h"ru crente ty gernani's
studfes, Reulizaticn that chesfsul ewtudysta s drectly relatey to ajur-
ity soniconducticn through the offacts <f lmiurities on wlactrichozteal
potentiul wus the resull of germanium firdirps. Tedwy, "hore 15w izsense
intlusrco of fdous und concapts stemming frrm guraaniw stulies .n the
wholo selid-atuto fald, Applicntirns are talnp made ts silleon cartite,
lowd eompcunda, selendus, copper oxdde, und cudmdum sulfide, to menticn a fow

oxin;len,

b, Zvidence unggesting That Gernuniua bus Nt keen
P D S
Connidarad dn tha UWSW5.R,

Woasureount of the impurity concontrution irn semicirductors using

the rosistivity und the Hull cons unt varaus *rgperatire actually veo

accemplished in thy cuse of pormwniun, This has not yet teon accseplished
ir the cuge cf cemrounds, tut thara 18 aceo Rope new in viw o0 what hing
toen dono in the cuse of pomuniun, The cuse of ccapounds 42 vory cumpli-
cated, and it §8 noted In the Seviet litwrature that sttes;%s have leen
mude Lo do chu type of Jeb in thie fleld that has Bavn dorne on goraaniam
in the U, 5.

The luex of uchlievemert of dz;urity control ty the loviets fn
not. too unexpoctod corsidering the aaterials on Which ‘he Jeviets cheae o
vork, namely, compournd gecicenductors, It hwg cniy Luen recertly in
England thet scae success hug tean ottalned {n tringtrg lewd tellurite,

"
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Toud snlondda, wrd lond sulfide urder eenvrel, f.u., with rogard te purdfi-
entdon wed subsequont contrel of thelr electricnl charecteristics, Zven
Loro, wdditions of calreted dzmprrindes to otlsin seluetsd electrical chur-
nctoristice wre still not eonplitely dnveatigated, [n other worts, tho
diffieultivg confronted in such compourds are ‘romendcus, Thore wre all
trpss of udsupreonunts, us woll wa ull types of variatlos, whickh are dirri-
cult 5 control,  The chemist wd the phystcist d. rot guite ngrea when
Iookin, at those compounda,

Although thara wary definito suggestions by A, F, Joffe in 1946
thut thoy were cogrizant of the noed of impurity contrel in thu cuse of
somiconductors, ne other 1teraturo artiels particulurly deseritus uchinvo-
mont of this dmeurity control, ‘here i3 rething in the soviet erature
on tither uthortord or luttice senttorings in solids, such us pernmetig
the Us 8, Iter:twro now, Thig i3 very Important In undoratuiiing the
rroperting of sewiconductors,

1f one doos nozéonsidor that nuclsar physics hud any ¢ffact on
tho oolid=stute elnctrienl=duvice werk In the U.5.0.4, nd cro locks at the
varfous srendy In ‘he cccurrunce of iterature functlon o1 tma iren
1940 10 1950, it will Ly noted thut thern wus nodrep=2ff fn the rectificr
Htoraturo wbout 1647, This wus coincldens with the axtensive putlicaticns
¢n purnuniun diedes wnd ‘runsisters in the o, 5., nunsly, atout 1947 wnd
1948, It might Yo censtrued from this thut the Soviets whe ware woredng or
relonfum wore trensterred to eonsidorations of gurnnciun, 10 this war the
cugny and consldering the period of time, tho wgount ol measy wnd zunpover

requirad to dovalop germuniwm In the ¥, 3., wnd the typa of Mierture which

12
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ves wvuflnble to the Scviets up to 1947, it could not be nxrectod that gcod
tru.uinéors, aspeciully junction tronsiatcrs, phetotrunsfstors, ote., weuld
tocomo wvmilatle in the US.0.F, before 1651, It zust be recalld that
tochniques for troutiny germunium wero net jutlizly wvadlulle in the U, 5,
ouch tefore 1550,

¢, Rouserns Why the U.5.5.5. Muy Not Huve

Considered Gercaniua Until Focontly

The Soviats hud no opportunity to obtuln 1n.’or;:nu<:n on grnanion,
since tho work which sturted in the L. S, was kept froe tha putlisted
torature frem 1942 to 1946, All dnfermnticn en trunsiator dnvestigutions
was kopt socrot until 1948, Sherefora, the ucvints muy not ke realired
tho importunce of gurmunium untd) wbout 1947 ar 198, srobubly w u repult
of saverul circumstuncas, such us the fcllovings

(1) The work lowd on u fow Soviet paopls, who werw alrawly
vorking in vorth-vhilo flelds of wetivity, wun g0 lurge that they dld rct
have time to consider other fiolds.

(2) The non.vuilubility of germuriun.

(3) The ecnflict of chumical wid puysieul thoughts euncarniry
inpurities in somjconductors.

(4) The a',.utus of tha vorld's urdersiwding «f the aclid ztate
in the i:e.rl;,’ 1940's whon the Soviats, .long with fiarn.ny, ware leading
the sclid-stute fleld.

(5) Tho pressurn of Grrzun nothcds and Geracn attitudes o

solidestite work,
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Fortunutely for the Levinta, tha lack of experinentul cvidonce Lo
support the qualitutive duta thet ‘hey had already unccvered waus leading
them in tha right diroction, 1,e,, they vora haading towurd the tarrier
concept of the solld atuta, This $a strengly {rdieated 4n the case of i
Junctisng' in single crystuls of gnﬁuniun. Agadn, 1t {5 ncted thut the
right epproach was mude tut in the wreng directicr.., Tha rigld contrel by
thelr loadsrn, with respoet to certalr daciaicns which they could make con-
corning the dirgction in which ressarch was directed, and nlso the forman
influence in the U.5,5.R., which did not accept the Vervey typo of ccncept
of impuritios in aolids, all probukly tended to mako the Saviets miss the

Proerties wdl

gormaniwa pictura,

pecantoion 0

It would appoar thut tha Soviets antered the garmanium field later
then 4% the U, 5., 4{ they havo entered it. There is fuirly good evidense
that they have started work on gormanium, us indicated by the use of gor-
runfum in Eust Germany and tho finding of germanium detectors in scme of
the civilian radio rots {n tha U.8.5.R, Fvidence of the followiny - tyres
sooms to indicate that the tramendcus research potentiality thu' they have
zay nov be active in the fialds of pormunivm und ailicont

(1) 7The drop-off in their excellant rectifier literaturs atcut
1947, Tho transistor wus unrounced in ewrly 1948,

(2) the work pluns at the ihysico-Technical Instituts, ss stuted
by s Fo Joffe in 1941 wnd 1946.

(3) ldteraturs of a purel: chemical natura on extracticn of

germanium from ores, ote,

Ml
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() ch‘.a". ccnf!scuucnlcr Gnlrun coepanios and !oe'..nlchm‘

(such ua the Csruz Compeny) could tot help Lut make available to 'hes ths

oxcellent Gernman technclogy wlong these lines.
L. Helutive Ltatus of the U, S. and the U.S,5.F.

It {s zpvarent from the Dgg'gg',; of Literuture on Seatccnductorg
for 1950 and 1951 that greut ‘atrides huve teen mnde on the jrotlea of con-
trolling semlconductors, und tmpurities wid laperfocticns in thea, Also,
progross hes toér mude in understunding the resscns for thelr alootrical
properties and how tc modify them, including hov to met up particviar
gocmatrion of olectricul spuce chargs vithin single crystala, This in a
wenderful advanco wid tho very heart of wnat ia noceasary [or reallaing
roproducitility and, therefore, upplicutica of semiconducters, 1t b uld
ulso te recognized that this ia absclutely necessary for funinzental
wdvances, The great success of the Uy S, in this flald fa -2 direct result
of the tromendous growth of the electronics induatry during the yours
1940 to 1950 wnd the evclution of u vary large numter of groups of tews
working on gemiconductors threuphout the natfor, These ecnditicne vere
not prosent in 1942, also, in the U, i., close cortrcl of the regsarch
progrong has no' beer muintwinod. This vus wn wdvantege during the aurly

Mstup,ea of the developmont, cf tha solid-stute finld, in the iate 1922's
ond early 1940's, sinco muny lucky exporizontal arcidento cecurred withaut
axternsive thecraticul conalderuticn for carrying cut the nx;lquur.".a.'

‘ The situstion of the eviel Tnden in 1940 in regard '.l‘:_or;;ur.hn-

tion and the subtjecte teiny considorad waz ideul for oxtonsive applinaticzng

41

" CONFIDENTIAL

SECURITY INFORMATION

Sanitized Copy Approved for Release 2010/05/11 : CIA-RDP81-01043R000100210003-0




an ed Copy Approved for Release 2010/05/11 : Cl RDP81—01043R000021000 0

- CONFIDENTIAL

SECURITY INFORMATION

in the fiald of nnniccniuctor dovicen. In 1946, evidanca vas piver. by
A Fo Joffo that substantinl guina had tesn mude in the right directior,

. The question 13 uskeq then, why, in 1952, Evider‘co vas not rresent, in the
Sovist open literuturn, of the oary devolopmonts which naturully vould come
fron ‘furthur pregross in thig l‘ield.‘ Thero. ure unvo}ul vuye to lock at
thies

(1) The wount or‘of.’ort‘put into the investigations in the U, 5,
vwua trenondously groater thun that exerted in tho U.5.5.P. from 1946 on,
Thio is purticuluriy trus becausa of the froo-entorprise system und' U, S,
industry's recogrition thut the transistor hus aany pona!tilillu.'

(2) The numbar of sclentific people in the U.5.5.R, wus irsuf-
fielont for putting u large offort into nucleur-physica research und anlid-
stute eluctricul-device resourch simultuneously, so the wenderful pregrun
sturted in 190 und continuing through 1946 may huve Loan sucrificed for
intensive offorts in the fiald of nuclour physics, This is suggontad by
the trunafor of woll-known solid-atute ressarch mony such as A, 7. Joffe,
into tho nuclour-physics fleld 4n uhout 1947,

It i3 not Lh;nt the Soviots ure incupatle of deing the work
roquired for gormunium studfes, but only thut there oy have tean rosistanco
to doing it. " This i3 tused cn the woll-fustiftod and tremendous complicu-
tions thut they naturally oncountored in donlim; with the coepound semicen-
ductors which they had selactod as the mutoriuls to ux‘plorn vary thoroughly,

_ This pluced them on u tusic path, tut an oxjerimentally 41f1cult cne, vhich
thoy so fur have fuiloed to conquer dus to n rumber of rensons, Onn mipht

huve boen their unwillingress to u4ecopt new nrprouckas, such s pr rhara

42
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Vordey's aprrouch iR the cuse of transition-gsetul sxides. ultizately
dasirutle rolationship of suteriule, propertins, unalyses, and fevelc;ment
work wug praaent In the UWS.5.F, oardinr thi alsevssre, Thiz, haewer,
worked to thair 4isudvantage Yocuuze of the gur tetucss |

chemfatry which {9 only nev teinz tridged through tho crraidopution of
{rperfections and daruritins in the chae of recicirduetsrs,

The relutivo trerds which saem to Le pregent in g lid=ztals rueceurch
wro o8 followar In 1949, ft uppearsd that the sovlets wern scecvhut in
wdvance of the ¥, Z. und vare yucing the Germurs so fur us fnvestigntl s
of somiconductors vus concernod, huy wera peing whewd tovard oo1tlaste
goul 1in solid-stute reseurch, roaely, detaraining the teh.yior of
wd the ofceta of unything thut ootld churae the wrs;
Howsver, in 1950, tacuise fmrerfvctions wid fmmuritles 2o =0 sue
properties of solida, urd tho ccatrel of *hen aeuny wier £ors dn
applicatiers of those sciing (egpeciully ¢
1t wag upparant that the %. S. wus the lunder, with The Mettorlads, wnder
Vorway, not fur benind,  Rare 1o ncw Intersive effert grdng on di Serzay
und tnglund for the purrose nf cuteidre wp in the prrmapiuz fleld, Fers,
the ', S. tards to rank first, as ovilenced by the dlpoovers f th por-
munium 4fodu, the trunsiater, the rhote'runsistsr, e,

“he vary rature of this pleturn swpe’s that the tremerdo
'ueigh‘» of curly informaticn in the ffuld af weiident e razeursh zay hel
the Soviuts at this time in overcoming the wdvuntege that hus taen
cttadned Yy the U, 0L bothe Lrtenaion i!.‘l!‘:!f'.;j‘;i'.‘ rnoal samand

ir obds country, Sclwnoe dn omuch oty whth the tvertwoes
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thy Sovicts have hed since 1945, thuy could forge toyora the U, 5. in the

aolid-otute fiold, Thoy wers stymfud ty teing on too difffcult u roud,

" and this, slong with tha Govermment's fuvorin}; of nuclenr wory,. fn tho only
rauson which can te plven ut this polnt ua to why they wppurortly ure not
vorking un germinium,

It ulso follows that, thoy ury now probubly upplyirg tremendous
affort to vork on germunium uwnd unlcon,ktut uro keoping the results behind
clugsifiod seroons, In view of their attitude tovurd putlicution of those
dutu vhich they huw dovoloped first, {4 {8 nvident tht they would te
publishirg cn gormunium wid silicon if thoy waro in u positicr. to do so.
It can bu mora or iuna rrodicted that, in the next your or 80, urless thoy
keop this informution complotoly clussified, they will to putlisking on
gornuniun wnd aflicon, 411 of the vurioug svidenca avilusted from evary
otandroint sugreat this,

In viow of the tromendous udvuneas in urdorstunding the s0lid
stuto (which ere contered in germaniun und silicon doveloment) wnd thelir
strong Influcnco o tho muteriul developmont which 1s the hourt of nolid-
8tute rosourch ond without which the curront progress in oclif-stite fields
would bo impossible, soversl points can be madg:

(1) The lead thut the U, s, hus todyy is sutstuntial,

(2) The Soviets re "rotubly aow on thy "tauton path® of

studying gernuniwm und nre aprlydng ull the «ffort thyt

they ewn muster,

/’L .
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Ir. the next fow yonrs, thelr vork o gersanjum vill affeet

ull of thelr other rescarches in the s:lid=state field,

sinee th

;}cp':rtiué 4o aprlicatlo, with o few Maftatiing, to-udl
. aol;d-ututu roseurch.

The Soviot rossurch organization, us 1M§cn!ni ty the

Uteruturo of the eurly 1940's, is suitulle for {emadlute

und offective conaidoraticn of gorsunium wd silicon,

In thoir work on compourds, the Covints hLuve surrcunded

the arew of germunium und sd ticen withou! actudlly

{nvestigating 1t, Now thut thuy ure protably studyiry

this fiold, thelr knowlodge of the gurrcuniing wres vill

huve i pronsunced o on the ropidity of the dovelopmert,
soviot Fueilitios = Thuir St.uff g bguipment

Thy mothed of colloctlon of aper Iterwture M4 ret doad o pxten-
sive datu on tho locution of fuctli'den, It fa thoupht thut ke cavert
literuture wnd "survey"etype articles miy te useful towerd this ord, For
oxumple, tho ubstruet of thu Sevarth All-Unizr Conference cn Semlcuniurtoroe,
hold in 1950, gives scmo ineight into the Scvlet labor-tory crgantzet!om,

Thers upponr %0 b several fucdlitfog which wre of jrime {ntoroat
tc the flcld of wioctricul devices wrd sezicorductors, Thime wrod

(1) Leningrad Fhysico-Teebnicnd Instituts

(2) Institute for Physical irotlems - Meaew

(3) ihysfes Imstitute fmert 3o %, Lebedov = Nroew
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(k) hithemstics Inititute tmend V. o, 3 roloy

(5) Institute of Crystudlopruphy - kioscow
The firet thros of the faedliting 1ated ure woll=knoun eantery cf soed-
conictor work,  The lust tve ure fuelliting whieh do waacciuted vork purtie-
nent to the fi0ld of aemicenducters, Urdouttedly, there wre othera which
should bo rdded to this et,

buring thu Suniconductor Gonforenco in Houding, Eryland, in 1950,
u telegrum was rocoived frem Yaviley in Loringrad, pofnting out thut the
Sévintu wore norry thet they could not ettend, This indiontus that the
contur of wolid-gtate und semiconductor work ia locuted in Liningrid, The
sforumention.d Seventh All-Unfon Confurenco cn Semicerductors +dyo supjorts
this idueu,

In consfduring fietliting, the rarsenulitios with whem thay ure
atolfed ure ulso of Intersat, The spacialiles of the rersonulditfus cun
nlso glve npood inddcation of what tyro of retivity s golng on wt the
fucility, In Suctior VI, porsen.ditian are Ustid dn varfous waya, wvanly,
(1) an Wdphetaticnd Usting, (2) by fizlds or oovedalty, und (J) ou'stund-
ing porson.litdes by their fiolds of intorest, This Ysting is thoupht to
to rather complate ind partieul wly useful as u auteh 1at" o the cog
of losy wull=inoun peracnnlities, It 5 to be netod thet the outztunding
peracnnlitics Msted are nct exuctly these whem other invgtiyators have
listed, Girorclly, the Matine glven In this gtudy w401 be the Yrowdens
becauru (1) frince fialds, suck os erystullography, huve teor consiiered,
(2) som usser well<known persorulitics huve tron includud ir the fnterest of

thudr Puture work, and (3) the f4.1d ef solli=rtelo cloctricid=drvion
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rosazrch us defined in this atudy s quite wrecep asine, “he Mlat weslt
ruturully charge grudually us the yoxs ge Ly,

Facnuse of the troad scope of vars in the sclis=atate Ryalcy
1014, it 13 not possitle 1 say such regurding the aclentilic ejuljment
which mipht to avndlatle to the Lovints, 1he tromendous ecunt ol eors
fiscatod Gernun oquipment, for nxezple, free the Garea ard lelns Teepardus,
should add sutatantially to vhat mpareatly vere wallenquizped latsratorier,
The excellonco und nature of their cundamentul stuifes auggest that ‘hey
uro woll oquipfed with the necessary toula. It zust te pointed out that
the upparently woll-equipred conditisn of the lntoratories, auch na i3 the
cnse ab the Leningred Fhysica-Techrical Iratitute, toes not necessurily
indicats that thera fo pufficiont selesntifte miubjmont nvaliatle or

duction use and quality contrel.
6, uiscusafor

It fg thoupht that thia stuly can e censidered a3 o tanla wen
which further waalysna ean be bl It hus definitely Yeon shoun that
the ovort lterature can te an ipportant jhnse of 1t Mipanen atailes i
the aolid-state-rhyrics flelds Tha Sevieta! aalor Ulelds of tnteroat,
fuctiitdos, and outs mading pers raditing pointed cut by thin atwly wl
gee73 to ngrew quite well Sioh those tndicated Y other investlgat ra.

1f fnremation rom the sovert tarature da dnteprnted 1005w
sipilar study, it seem: that o centinurus scunring of tha Jowdetst oantivi-
slas in this rieid weuld te joosiis Seh chets taeepround enosledie of

. gt ey nytrase e ractl croprans lnothe
coapound gesiconductirr, they 4 muge oxtrozely Taglloproprese i
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eormuniun~edlicon finld, Since BRTRONIW Work 1y the wey to Profrass at
- the proszent time, it would te ¥oll 40 ko all of the Soviets! activitiag
ulong thogn lrng,

Anuthor fueter which must to tukar into uccount {a thut Soviet
claseificution of cartuin lurge aroas of Heerature could void semo of the
cenclusfons drawn in this report, Thig {s purticulurly truo in the cune of
rornandum wnd silicon work, Howovar, 1t nooms unlikely thut auch un oxten-
uive clusiificution Frogrum would to reossible, Iy would ta well ta catyba
lish, if resaitle, vhat the Soviat nttitudos tovurd clusgifiention or

2014d-state alectricul~device resnarch mipht te,

v
dnvite toseargt

8y, el bty

L8
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SECTICH 111 TION

CULLECTEL GUVIET LITRRATURE i

£ LECTRICAL-LEVICE oraticn,

1, Introductics

This section duseritas the Bitlisprarhy of a1l the eellocted
Soviet literature in the aclii-state ainetrical-levise fald ant nssicinted
fringe ficlds, with Juatirications cor the pericd of lime conziderad.
Thera were soveral fuets which vare einatdnrad n Anterairing the
poriod cf time for which the literuture should te dnventignteds Theas
fucts aro wa follwat
(1) Althowh szme parts of tha acili-state olactrical-tevice
fi014 huve Logirrings tefere 1938, the actual Vaginngra of “ho flall vaa
e about, 1936, Therwfors, it weuld te ¢ no ase to tnvaptignte iy jortd prior
to 1935-1938.
(2) ‘The period of time cpc 139 through 1651 hea fraidn! the
lurgest grovth of the sloctrieal induatry. (ialatively I S
{ndustry has hed @ larger grodth then any ather Snlustry durire tle feae
puriod.) In view of the ap;lled unpocts 0f tho s 1id-atato electricals
dovico research flold, purticularly in ho elacironics intue'ry, 1t veuld e
sxpoctod that thia jeriod of time would includn the prentost effort ani thus
bo cf grestast interost,
(3) irotstly of proutes’ imjoriarce {n decernining the tise
2R e 1402, v le

pericd are the politieal wvarto which oscurrod free

uppurent shat from 1946 to 1552 {4 ocld=aar yrara), the latter w2 or
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three years rnpruuniad the period of f.oorex! colistoraticr, The peried
frem 1940 to 1946 vus <ho timo of colluboraticn, The period araurd 1940
and eurlier could-te lateled aa o porjod cf scmewhe! distntarested relution-
ships, Consideration of thase .;loli‘.icul trards suggested that the Soviel
open litoruture probutly weuld have been affected during;, the years of pvcor
or pooreut‘ colluboration. 1In wddition, it vus recognized thut the lutter
part of the poriod up through 1945 would te deficiont in literuture, owing
to the pressure of wur. Censequantly, it wus conciuded thut thy poriod frea

1940 to 1951 would huva to be coverad to muke un evaluation of Loviet capa-

bility in the solid-stute elactricol-davice {iold,
2. Jeurnula of Intorest

The kibliorruphy which was the busia of thig study, was comptled
from u total of ). Journnls and 6 items of 4 nenpaTicdicsd nature, The
putlicutiors which contributed the mujor portion cf the wrilcles are Ustnd

bolow:

Journul Hunter of articlus

Compton Rondus pcnd, sei,, U.8.8.R,

Journal of Physies, U,5,5.5,

v Journal of Technjend thysies, U,8,5.F.

Journad of Expurimentsl wnd Thyoretical

Ihysies, U,8.3.h,
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Journal Cheler of Articles

Jeurrd of_ihysies)l Chonistryy Ledaeia

P

bu.dotin of *he acndeny cf Sciancusy U590

Joupnl of Guraral Chemistry Uydeul

© lakrrigheyive (Electrichiy)y Vidhdddu

Zavedskadn Litorgtoride (Factory LatoratTit

(10) Journal ¥ applivd Choplgtry Uydedeiy

mot published dn 19411944

The Dokludy akadami) Mok uns rrintad staultwesuzly dn tusatan
wnd in the Frerch-English (cullad Copptod fordup acrd. Leley B0aets)
lunguegn.  -he articles rrinted in kussien wers gounlly eore coa] ronoraively
writton then ware “he French er foplish "tranalationa”, sreetinag, hevoever,

tho tussiuwn jupers wore wotracted in English, Lt hin Aunlity emled in

1947, ut wiieh tipe only the ruasinn pititen (with no tnpilsh siatreetsl

wan printsd. “he Journud nf thyales wao srintwd inothe Loglioh Laruaste,

LTAUNE

tut ivng 1A% wag of sher® durwsion, waely, 93 2147, The Jouppad oi
[hyajes was wn cTENn of the Inatituta for ityatesd frotiems of the acwdemy
of Sclances, VW83 aned printad popers concorning phyziced jrotleca,

It g bellesed *hat toperd of this mature are noed ‘¢ ta fond in the putlis

cnriins of the Fhyaics Instituty, naely, 'be saurral of “echpicus ilrzitdy

staidader s and the Jouranl of tyroripenta) snd The cortenl phyadens Leopuaby

Semu pupers wiso AW b rudlished o the Loilady proflepth Jaug vRish prints
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originul roseurch ruticleu'cuvqrin‘g the fielda of muthesrtics ard wll
physicul and blologicul weloncos. In Uokledy Aradepif Newr, pupers wre
limitod in langth to four puges; this mukes them cemprehensive abstructs or

ounnerios, Tuble 111 §llustrates the period through which theee journals

huve toon uctive, ‘ogethor with the diatritution of scme urticles of

interent,

Also included in Tutle III ure the Jqurnul of ftysjenl Chemistry,
Usp SRy, the Journnl of Gunersl Chemdptry, U,S.9,7t, flukt 5Lvo
_(“ugtrtcim, wnd the Bullatin of thh sendopy of Sclencos, U0,5.8; The

intersating Zavodskudu Laborutorjis (Fuctory Latoratory) wad the Journul of

Arpliod Choniatry are not included in the tutla, The first two of thess
journals otvicusly concorn chemistry, Elsktrichestvo prints works in
upplied elactricul engincarine, The Bullatin primurily prints the minutos
of the monthly seosiona of the fcudemy, news of the vuricus institutes,
und roviows und critiqies of pupers prosented to the Academy, and ulso
includua thy nuses of thoss juople who uttend the meotings. Zayodskuin
Lobornterida rrusants valusble werks on a moro pructicul, less neuwdemic
Joval, all of the atove wppour cnly in the husafun luwigusge.

i survoy of tho wticles colloctod Indicatos thut ne putlicution
18 dodicatud to the interost of w‘.;'/ purticular group of suziesnductera or
to wny purtfculuwr lino of study, The only restriction scoms to b ulong
tha lines suggestod by the titlec of the journala,

Rogurding the totwl nugber of raferonces reccrded froe ull
Journuls, through the poriod frem 1940 (5 1951, it is thowrht thut the

English-lunguigo versions of the journwds prier to 1647 made for wider

52,

CONFIDENTIAL

SECURITY INFORMATION

Sanitized Copy Approved for Release 2010/05/11 : Cl. DP81-01043R000100210003-0

Sanitized Copy Approved for Release 2010/05/11 : CIA-RDP81-01043R00010021000:




. ) ;-
Sanitized Copy Approved for Release 2010/05/11 : CIA-RDP81-01043R000100210003-0

CONFIDENTIAL

SECURITY INFORMATION

Flements of Fourth

CONFIDENTIAL

SECURITY INFORMATION

R S:nitized Copy Approved for Release 200//11 - CIA-RDP81-01043R000100210003-0



XN R
CTHRTIN VIR 20

* spune foon

350xA3uT
JO Y7 [Jiyisd JHun

INFORMATION
INFORMATION

off
Ny
o
S
o
-
N
o
=]
-
o
o
S
X
]
<
o
-
<
£
©
o
a
x
<
(@]
-
s
Ay
0wy
=]
4
SB
-
o
N
)
(2]
@
o
[5}
R4
— B
S
L
e
@
>
o

spunoise)

Approved for Release 2010/05/11 : CIA-RDP81-01043R000100210003-0

SECURITY
SECURITY

DYTIOVY JO Tnoa:
YIINo5 3O s3UsmaTE

CONFIDENTIAL
CONFIDENTIAL

Sanitized Cop

ThIeusy

TCCINST

ITET T7ET 07T OV6T
ERCRE1

(ZEug 2nt)




RDP81-01043R000100210003-0

3mos jC musseTd

TRaasaL:

i -

AESC1Eo0S (O0F6An; 40 [(WIAnel
aEaaqur

0 RTRIAMIEL I2URD

wpuno i

vvdﬂﬂu..

INFORMATION
INFORMATION

uaaR Ty

1
s
. .
(X9}
=]
4
o
<
o
N
o
(2]
@
@
[5}
4
=
S
L
e
@
>
o
Q
Q]
o
<
>
fel
SH
[&]
e
(7]

a1qQu L
ofmoqy Jo Jdnoal,
Yo 30 e3UWemoTE

SECURITY
SECURITY

TuIBUS

L € € T <

30 {uwainor

CONFIDENTIAL

THTETS TN TEOTEAA] (w03 39303l

67617 s76T L76T 976T S76T V76T €761 o76T Q761
0hn.7..m

(@I Lioo) IIT FIEVL




aEazeul
3O E€TeTIDIVR I243C

IA-RDP81-01043R000100210003-0

Spumoe 1300

oTaE

opEo3y jo dnoean
YIXTC 30 ejueaaTs
LACLAS

sy=oy 5o dnoar
Y3aIno: ;0 SuscarTy

- - - z Tex0uss

TE 5 G A T A3simeql (wleldn jo [wuanogp

INFORMATION
INFORMATION

- 1 - aseIaqul
3C STVIINGEA 10U

5%

CONFIDENTIAL

spuno itoD

aTqu:

Symoly Jo :inoal,
YIXTS JO sIudwaTE

Approved for Release 2010/05/11 : CIA-RDP81-01043R000100210003-0

‘SECURITY
SECURITY

|ATavL
oyme3y Jo dncas
Yy3amo4 Jo ejuacsTyd

CONFIDENTIAL

1
s
=
B
o
=4
S
<
o
«
-
(2]
©
2
9]
o
<
S
L
°©
9]
>
<4
s
of
<P
>
o
S
. [&
°©
19

- T T - - - - - TeI2uds

TETS G s, TE60UBIoG JO AWSpEOY B4l JO UTaslLiE

TeeT 06T 676T " 376T L76T 9741 $75T 7767 €761 75T T761 0761 O76T
a31035g

(CEaIiNod) IIT FIsvi




e e Fe U]

. ETETIesws 3Tl

QEeaaiu]

30 CTHRISITY 2T

cyomeioe

Approved for Release 2010/05/11 : CIA-RDP81—01043R0001001 0003-0

INFORMATION
INFORMATION

<
I3e)
o
S
)
-
o
o
e]
-
o
o
S
e
©
<
o
-
<
-
@
o
o
x
<
(@]
-~
h
by
%)
=] .
/
=)
-
o
59
o
(2]
N ©
<@
[}
14
pul
(s}
£
ko]
[}
>
Q
<1
N o]
f <C
>
o
o
[&]
kel
@
N
=
c
T
O]

SECURITY
Sanitized Cop

SECURITY

'CONFIDENTIAL

Anoan




zed Copy Approve for Release 2010/05/1 : CIA-RP1—0104R000100210003—0 ‘

CONFIDENTIAL
‘ SECURITY {NFORMATION

raviewing ty those people why professicrally reviow and stetract 'scim;xtific
writings (Phygicul Abrtructd, Elagtrical t"ﬂ‘nﬂﬁﬂﬁm‘bﬂﬂ' ucta, British
- gbgtructg, Ghonjcn) Abgtrects, atc.). The tusk of revisuing articles
written in othar putlicutionu, ir, *he fusalen Iuncm_sgo, zay huve baan foun?
'impruc',icul frem the sturdpoints of zeneral {nteros’ and avadlability of
compe tont huselun-reuding ‘plgr.sonnel. It ia-ulso to te ncted thul, since
“about 1649-1950, the distritution of Soviet p«ribdicz\lz hus teer shortenied
und mude mora salective, Jenedintely checkutle Mtraries ropor cireulu-
tion to be sporedic at test, tending toward complota stoppuge of the {low
51‘ cortuin Soviet sclentific literuture. ‘

In spite of thi:\, tha utoun'.icﬁ for the lutost yoars ehov on
1ncro;minf; nunber of articles roviowed or abatructed from the fussian
lunguage. This probukly is dus to hoightening of interest in Govdet WeTk
and greater availability of ravievers through diaplacad-porscns profresd,
alc,

Comsonts Portinent to the Bibliopruphy of Upen

Literaturo in the Feried Botweon 1640 and 1951

In casence, tho outlino used in the werld-Wide Dipest of
Literutury on semleonductors for 1950 und 1951 vas uged for tha sovlet
literuture, Howover, thorbc waro two charpes necesswry. First, tharn were
11 years cf Soviet tersturs investigated, £o aach g.tfect hoading had’

sutheudings under it of years. further, in order to cttuin as thorouph «3

possdtle i survey of sclid-stato resaurch in the Soviet Urdor, conaidoru-

tion of mtals und ulloya (prireipully from the alvctrical standpolnt} wd

diolectric zutericls vus {recrperated into the cutline, Alsc, for slarily,
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a few gorn detailed headings under the zatarials headirgs vere used:than

in the Dignst of lLiterature of Seajcendustcrg.

a. GSoures of literature

The principul sources of Soviat literature refarerces verel
(1) mmx_ru_cu (Sact:ons A.and E)
(2) P,f\ngicg; sbgtracta )
(3) Inssitute of Redio Efpireering Abpirasty
(4) Buitolle Litrery Review
(5) british Abgtracts

Rofarences wero laken from thase tacuuse they provide s corverdent methed
of ottaining irplish-lanpunge sbatructs of open Goviet literature. It

should te roted thut ststrects auch na these usually do ot srovide (nlore

‘nuuon or the locstion of Goviet work or the nuthcrs, aleo, the perinod

shrough which the otove sbotruct sarvicee huve teen in cparation dona not
cover the 11 yewrs {Tom 1940 to 1941 in ali cuses,
Anothar scurcs of tnformation was wi irdex tc ke ingiish yersion

of tho Journal of Physics, ,5,5,5,, for the yours 163 Lo 1n, Aletracte

from thig nource wore aade ty tizle cnly.
b, Orqenizatien of taratura

After all of the availatle 1itaratura yns recoried, 1t wan oTgRne
{zed into un outline tased on soptcorducting mnterinis unt wpacciatad wire,

“his outline is us [oliods:

4
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I, GENERAL
surveys
Lolid $tate in Genaral
tlectrical Froporties
kactificaticn uwnd Contuct Fhenmann .
Ligh* Fhencaens
F. bialectric Pharcmenn
G, Jognetise and Hegratic F.ffuc'.q
¢ LEENTS IN THE FCUFTH GRUUF OF THE WTCHIC bl (C, 31, Gry 3n)
s Diwmond und Curbon
E. Silicon
C. Germunium
1, Conductivity
2. Eomturdment-Induced Conductivity
3. MNugne'crosistance
L. Foctiffors (Dicdes)
5. Trusistors (Amplifiars)
6. Fhsotoelfacts
7. MNiscellunecus

D. Grey Tin

SLAENS I6 PHE SIXTH GRCUP O THE W10 TabiE (e, To)

A, Solenium
1. Reetifiers

2, Ihotoealls

8, Tellurium

LN
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V. CUMINDS
ger. Coaprunds
Ztne bxide
Puriun and Strentius Oxides

. Ferritos

Coppor and: THtaniu Dicxiden

u. General
b, hectifters
¢, fhotcallects
5, Titanates
€. Gther Oxygoen Coapounds
B, Sultides, Solenides, und Tellurides
Cadpiun Sulfide
2inc Sulfide
Losd Sulfide, lowd soleride, Lewd Tallurdle
L. Orther bulfides, salenddan, ot 7oliurides
¢, Hulidos
0, Curtides
SR OUATELTALS
hatals wot Alloye

h>, Interaotalites ad tlemants of the FLfoh Group
of *he Atesic Tutle '

C. urgunicd

5, Flacellunrcud

£l
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" It will ba noted thut-the atove outline tukes in all inown semi-

conducting Mtei‘iuls, ug wall us motals end alloys, organics, und theo-

reti'cal vort end applicutions, This outline has bean put to practical use
for some tine in world-wide éonaideruuona of literaturs, 'm'.:n for rusouch“)
und publicu&ion(-:) purposes, It has been found to be of mere vuiue thun
other systems, i.c., those which are based cn oloctrical ccmponents,

wlphatet, wuthor, ote. The virtuss of tha system include sasier ccmpilu-

ticn, more repid sclection, wnid ausfer weeass whan required.
¢, Usa of the Literature

Ey.using this method to cutogorize the Soviet 1iteraturo collectad,
u ponornl Idoa 8 guined na to where the amphusis of their work s located,
ilao, emissivns or tlunks migh” to indientive oither of lack of interest
or of the posalbility thut *ha work is boing dono on u secret busis, du
to militury dntorest. Information of this nuturs is more ousily ctuifed
ty putting tho datu into other forms, us is done in the following secticrs,
Tho numos of pertirent foreipr jutlications and the corresrcrding
English titles wro 1isted in Table IV. The cemplete bibliography of 923

roferances {u piven ot tha ond of this roport,

Used by the Semiconductor wnd Dimlectrics Rossarch Civisicn,
Buttolle Hemorial Institute, Columbus, Chio,

sericomuctors, Digest of Literatyre o plelactrics, Natiensl
dosearch Courcil, 1950 und 1951, Vols XIV wnd XV, Chupter 4.
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LATICN OF THE FUI £16k AND EGLISH TITUS

TAL IV COFRE

OF FEFTINENT PELIC L IONS

Attroviution

Transliterated
ooviat Titls

srglish
Translation

Dokl, Akud. fauk
sk

C. ho acuds Sel.,
U,5.8.R.
J. Fhyse, UoB.5.H,

J. Toch, chys., G,5.5.R.

J. Exptl. Theurot. thys., Zhurnal Exaporiments

Ualn ik
Bull. acud. bed.,y
Uyoibehs

J, rhys, Chem., UoLeo e

7, J, Gon, Ched.y U.3.50F

8, -

G, J. apple Phys., U.S.0uE

10, Zavod. Labe

Dokledy Axndogid Huuk

8.5 .8,k

Comptos hendus do-

1'acudonis des Bodonous

de 1'URSeSe

churnul Tekhnichus®
¥od Fizidd

alnod 1 ‘heoretd-
cheakol Fizird

lzvostiin Akudemil
Nuuk 3,586k

shurnal Fizicheaked
Fhimdd

Zhurnal Ctshehod
Khimid

tlokirichustvo

Zhurned Prikludned
Fizikd

Luvodsikadn
Latoraterilu

haports of the Acadey

of Sciences

hoports of the Acodemy '

of Selencos

Journsl of ihysice

Journal of mehnicnl
thysien’

Journul of brjeris
gontul urd fheos
rovical itysica

Sulletin of the
Acwlomy of Sclences

Souranl of ihysical
Chealatry

Journni uf ":fu-ml
Thesistry

slnctricity

Jaurnal ¢f appiied
thysics

eaetory Laboratoery

P

P

Nota: Tho form of titles of
is dictuted by tommen

the nblicstions Mated 1a Wb pieitography
BUETUN .
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GrCTLLN IV

ARALYSIC F SOVITT LUTFRATUME

15 devotsd to vuricus tyes of wiwlyses ¢f the

30910! litersture lated in the mtl!iog“'az. ‘.'r;o invorzaticr given in
section I, in particular the rature of the solii-state oloctrical-lavice
fiold und the ywdstick by which prograss in 1t can bo goasured, 1o vopt
in nind in 'mekiag all n:ml'yneu of the lteruture.

Spacifically, the Sovist literature ia exeainod in several vays:

(1) Fren conoldarution af the cnlssions in the LIt iforrrihy,
rolutive to the sutject headings vhich vers taxen from the werld=dldn
bitlography, informaticn on ceissions ard corcertraticns of Javie’ litera-
ture was obtained.

(2) Important infommution guthered free porsornl ax;ariercas
with tho Soviet literaturs in the pust eifht years ves cocpilad into a
digost of literature of sumple articlen for tha 10-yeur jericd froa 1'”
to 1950, Such litoruture wes chosan on the Lusis of experiancen a4 high=
lighted items., This rarticular sscticn in uimed at ovaluating the jartice
ular stuto of hnowledge in the U.S.5.b, and the technical quality of werk
in rreparation for muking anulyticnl statomonts concarring the nature of

clussifiod lterature in the Soviot Unlen,

(3) Thirteon of the mere important urticles of litsralure vere

studled and then thoroughly anuiyzed ard 3 4 (Sectten V).

£5
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1. Moterinla Yersus Years Study,

_iis ghown by Tetle V, the ertize cutline of ths pivlteprerty 1e
1isted with the rumter of putlicstiors in cuch cutagery notad :.y the your of
jutl icuti;n. A;lmning the sampling of literature to te reuschully 994,
csrtuin gonerul fdows cu. bu'dran frem aucﬁ u cémparisen,

Corsidering the over-ull Lul_le,’m.d spacifically thy totula for
puteriuln, the followling cur te suids

(1) & large rurter of theoroticul pukleations wre noted; thia

{5 & noraul trend.

(2) tlectricui jroperties of oxides, sullidas, s lenddas,

T I3 ted aTEem ot

wid telluridos, s well wa of other comtuunds, $nter-

R
%
i
f
1

notallics, and metdds, have bean widely studled.

Uiolestric froperties huve teen widaly studind, pur-

TR ax s

tienlurly of tho titenites, ‘erk on titunutes by baen
ut u high rute sinco 1945,

worx on luminesconco und phosphorescenca hud Leern ut o

B D e A

high level since 1647-194¢

v

Kothing pertinont has teun putlished or ailicrn or

Tama

gormunivm or wpplicaticrs of these elomerts,

Work or. selaniim hus genorally increused since 1945,
Wthough work on selenium roctifiers hus teen tup¢ ring
off since 1947,

Ceroideratle work teforo wnd since the wur ir notad on
cegpourd seniconductofs,‘:u:h us orides, culfldes,
selunldm,' @A tellurides, With seee :‘vo:n-rvA.LIr:m, +hisz

w130 hus beon u trerd in the U, S, since the var,’
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) W-re onoalloys sesas tc have toer sRifted frea copper=

gold alicys o other allays arcur! 1%,
(9} antimeny and antizony oos
interast since 1946, These materimls rave tesn shove
to te semiconductara in some cases ard are iLteresting
partioulurly for their ;hoio- and theriirrepertien.
Lookirg at the tatle frcm the other aspect, ruely, yewrs, the
following e noteds
(1) “otal putlicatiors apreared to e nt n ralstively
constant level prior to the world War Il years,
(2) iuring the Morld Wur Ii years (19u2-144i), putlication
dropred off, a3 would te exjocted.
4 twild-up of putlicaticrs la noted alnce 147, vith
the highast numbers recorded in 1948 and vuhy.
a tupering off of vutlicaticna §a ncted in 1550 ned
1951, Data in 1951 are not conaidersd too rolintle
tecuusa of sovivt res.ricticrs on cending jutlica-
tions out of the Ui..d.n, nnd the usuxl tizme lae in
tho. apjearunce of utstracta.
The atutements regurding materials ura mude with the purpoee
of peinting out the arcas f grostast irterust. in yeraral, thase arnas 57
tnterost colrcide with these of the Uy Ge, vith the qxéo;'.hn 50 'ha njpar-
.(;.".t. uck of interent in germuniue ard oilicon ard 'ha concentrated in'erant

in ccmpound gem: cerductors.

£y
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Thy trend of to'.avl puk Heations as & fureticn of yaurs i exuctly
ag would te expected, up to asteut 1947 - _Lho end of “orld Wuwr II, Fayond
this reint, the irdication may te false, One would expect u docrause in
pullicution tecause of the "eold war® uttitude; however, an increaso is
roted, This could bo dus to mere complets covarege of boviel work, eines
khobU. S, interest in whut they wera doing wus greuter. On the other
hund, it could ba due.to greuter emphasis by the “ovicta. alaso, incrensed
trwslution fuciliting are presernt in the fora of dlspluced poracns, etc,
The drop off in putlicaticn since 1949 muy to due sioply to the Soviets!
stoppuge of technicul muterinl lewving thelr country, rarticuluriy in the
finlda of chomistry and physica. U, 5. futlication in this fleld tollous
the suse tronds until steut the end of Vorld War 11 (1646}, wi, fres “hut
timo through 1951, u continuous wnd ulmest axpenontinl dncronse {n nupher
of putlicailons muy te notnd,

#l1 of tho stutements discussed nlove sheuld te teapered ty the
fuct thut it hus not toan possitle to dotermine Just what suapling hus
bean mude of wll Soviet Mteruturo In this fold, ty compurison vith a
vorld-wide Hteratwe atudy in this finld, 1t would scem thut the totul
nunter of Soviet rufarances ccllroted rerranents a gocd sumpling, shoving

the trond of their resenrch if not numericully wecurate pictura,
2, Digest ol Selocted Sovint Litersture

Ir compiling ' digest of solected Loviet Utorature, sevaral
fucters hud to be ‘uwinrn into uccount, ‘recificully, these ware:, (1) the

scope of the solid=stutu~device fi0ld ns :rusented in Section I, (2} the
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" charactor of litercture studles (Sectior 111) wrd the over-all it 1iogrepht,

und (3) un intimate knovledge of the present status of somicerductor-dovice
reseurch throughout the world.

Druwing strongly up.:n cxporionce, atcut 4O par cant (194
re f‘a;'oncuu) of the -over-ull bitifography vus selected as laportant ercugh
to reforence directly, In order to make coapariscns, the outlira of the
world-Wide Digest of Literature o Seeiccnductorg vus used wa w {regovcri.
The outline used in the digest, however, differs slightly frea thu' used
in the Bitlicgruphy. This urrungement was used prircipully to fucilitate
prosentation of the high lights of the litarature, Undor each hewding,
the references vere urtitrarily listed in order cf ywars, vith the later
yours last.

Some commonts rartinent to the infermutior contuired ir the digont

In genurul, theoreticul wori hup been extenaive wd of
kigh level, Shifrin's theory, yreserted in 1944, spours
hendud the fleld in ccnnltigru!icn of ‘ranaition
ratorinls, Pekar's Pclaron Theory 1a of great
interest,

some good experimentul techniquos und dews Rawe toan
indicated. hmcryg theso ure {u) the use of Hull effect,
resistivity, and thermoeluctric-povsr monsurcssnta for
“ho analyols of zetals wid lloys, uni {t) a ccrdenzer
mothed of detecting the sign of charge carriers wa
tool for studylng seeiconductors and insulsting photo-
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(3) Work ~n materisls hus teen primurily on conjourds and could
to applied to vuricuﬁ oloctrical davices. Land sulfide ard
{ts use for thermonlectric gencration wes panticred ty
Joffe in 1946, bontardmert of codmium anfidu ty electrers
ves dono st un aarly date, FRectificutior in silicon car-
tide crystals has toen considered,

Fhotocerduetivity and luninnscence cf somiconducting

auteriuls has teon conaldered in greut dotail, Copper

oxide, salenivm, zinc sulfide, cadnium aulfide, the

ulkald wurtha, arnd the halides huve raceived uttention.

Churucioristica of fenlc crystuls havo teen corslierad.

Among the bodddes, silver dcdile wnd ailver treebde

wore stud’sd; the applicution appeared to ta photoprajhy.

tlec'rical corunica und iielectries huva teen externsively

studfed. In particular, the offorta of Vul wnd hie % erierieart
usnocintos on tho titunates huve toen outsturding. E vesortont

7) Wugnetisn und mynetic effects tn vuricus solfd zuterinls
huve tren of {ntercst to the Soviete, They detomined
the pulvancmwnvtic offaet in ferromupnotics o tw
caused ty mwretization und not ty inductisn, Ferro-
mugrotic oxides (forrites) were otudfed in 195°; thus,
it soers thut they muy Ewve atwied 1iter thun the rest
of tha world In the fleld, A thotemwinetic offect wnn
discovered eurly ir cennsction with CuzQ ractifiers,

(8) Gemicomductivity in orpunica hes teen studfed.
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The presnding cemmants serve o ger'ich a fod of the high lights

of the fnllowing digest.
1, GENERAL
A, Theories
1. Danling With Solidav in Generul

In 1040, a¥hieser und Lifohits!126)" vorkad on'the theery of
elactronic treukdowr in dcnie crystuls in purullol vith Froehlich, Jesper,
Toller, und Von Hippel.

¥, 5. Aulov d L. V. Edronskis 62 found theorotically u taw
pagnetoculorie affect. They concluded that, vher a forrozegrotic mcro=
crystal is rotatad in a strong magnetic fiold ut lov teaperatures, atrory
periciic cooling ard heating must take place. They yarifiod thia by
experimants on nickel morocryatais at lisuld-nitrogen somporatures, This
nov offect is quite differert froc the magretocaleric offect of Welss.

In 190, Ktkolasv L) considered the unatalle forss of tha b 18
state and concluded that solide can bo clussified wa rsorjhous, vitreous,
and crystalline, the otability tneroasing ard fron erargy iizinishing in
the order given. also in 190, Amlnvnkll(m {renstigated the dependance
of crystalline structuras on the choricul jrojertfen. Ha jostulated that
sl halides, sulfides, selenilos, ’.ulluridnn,‘ aitrides, ~haarhidas, arse-

nidss, antincnidnn,.uﬂd tiscuthides having 'he crystalline siructure of

PER———————————

supbors in parentheses refur to ituna listed in the pAtilorruchy.
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» NuCl, Mias, or ind, when wrrunped in inernusing order of thelr molacular

~ velume, folicy thage rulest (1) All ceapeurds of e Nlan wype rroceds LhosM
(;r'xhe MGl type, und (2) the valta of the chaolute contruetion 91wy
et curd of the 4ns type is hichwr thun that of any precedliny secter of the
Nins or fiuCl dmpurdty.

I3
buvydov(l‘) discussed cerncantruticn rhoropefis in semieonductors,

He plves o thegroticul discutaien ol the distribution of chwrges in geais

conducters, a. Fo Jo?i‘n(" piciished n gennrnd aredele on seiccrductors

in 1941,

& survey of the work ¢ tha fhysies of selids dn the Gooddb
weg written by Vo 'rluznu&unv(/’) in 1940, Hmr:-r.‘r.c(lu) afacuaged Nernst's
thormenspnetic of fact in samiconductors und metuls.

The luttice anargy of fenie crystals wng {tgeussed dn 1043 by
agstinaktt (19,

I'run}t.u]("q'\l At 4f s ten phenomerna Cardan pines during *he
sepmution f cxdde Siles,

supercorductivity nd purtiend Fly therm eleetrie fhhons
tho superecnductivi ropdon wera srudled ¥y O :rr,ls‘“). Iooie
uurz:\'ich("i’”["175) postulnted the carryin: of wlnetrens Ly nhonen ourren's
in 1645 wnd 1946 wrticies cr the *h
tios of cnnductf;m.

Ie 1546, Iy

" eldored the Afatritutien of eloetrienl 1.
Lizdny wnd }»‘r:;r':

in 1648, They asoumed thut the cwrlor o

",

"
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fonic luttice is rot an electren of the conduet ity zone Lut b jviasch.
“he congorvative motion of u polurch us & holo vus {nvestiguted, Tha
de-endonco of the erargy of o systea ot the voicedty of tho frrvard wotian
of u polaron ird the squaticn of metion of " priuron in axtersal {lolds
wora froposed. - In 1949, 'rekur(}l') dlgeussed the theory of pelafons, Mo
theoratically anulyzed the poluren 15 an tonde cryataloand stulled the
vitruticns of fous through the use ol guents pachanica, he effective
maga of a pclaron and its forvard metlcr wern calcilated, The waras o f
pt luron structures possesaing a continucus ereryy apectTAE Were cltainat,
The dispersjon of pcluron waves by optienl witratl ns of torde character
vere unslyzed, ard the corresyonding free pnth wrd actility vore culcus

Jetod, The cuiculuted metilitiva accordtng Lo thelr crdar of angnitude

coincide with tho mensured actility of current curriors r xido nod

Lalide emiconductors.
5 ¢ wd D (5 Lo corm of ‘lolect
Skanuv! and Deceshina reported a rew fera ol Helactric
polarization wi Jossey in polyerystalline medin, Grectflcully, the
dfolectric permittivity wnd loss wegle of rindle with differest tzyuritine

were detormined, Lew-Irey ency gity enn byfne frr the fa-witien
culeiun, strontium, rutheniun, i o2lnc, Yo netiyeticn enargy of Lopely
tcund fona shewed arormally lev valuna, rn o f flalectrin
pelarization vra estut)laned.
{39) .

In 1950, rekar'””’ conatdered a thorry ol Ahe et etinatinn ol

‘gloctrons in soniconducters, b corelinrud tha theory of resca? ination
s

of the conductivlty elactrens in sembs nductore on chioged ol reutral

conters, o cuse whers ohe trelatiifny of Temallzatien of an electPon

7
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'n;,: roaoking o serter io e',F:’ici«,r.iiy preat fer-tho r':"s./‘f reccatiration
to ta iimitud und doterained f,hly Ly the 4i7fusi:n rate of the aldctrura
Lo the centars of Lhe atdon wus o st utiyaly, he
roccabination coeff!élant, the nverage displucement cf the wloctrer in an
exturnal :;Jr:lrl, und an slastrical corductivity set up ty Lrradiation of
the eryotal with ordinary light, - '(«a., Lotu-rays, or corpusculnr ruys
wera calenlntod, Thosn cusag rprosent npselal cames cf thu gereral cu.‘m.
of adisturbod thermud wijuilitrium of n semiconductor irn whick no. ever a
sutiefuetory qualitntive thaory has teen piven s fur. The troutment hera
o tuged on tho wuthor's ioluron Theary., ihus, it i3 ap;lied Lo nxides cr
fonle crystnds,

A geomingly poos plece of wark wag dere Ly bonchebruvich wd
Tya.t]iko'y(Jg). “hey considered the thecry of elemantary oxcitaticrs in
u wonk nonddond electren pus in onoerystal, They found that *he arergy
of tho woukly axcitod state is tho sum of the alementary excitaticn withou
irtoraction; thim obeys Fermily atatistics, Thay wlso pointed out that the

offnctive masons dojand cn tha alectron fnsity in the la’tice.

2, Flectricnl comiuetdviny wd hall Dffect

£1)
!\1‘.111“:1'1.)'(1'1‘ gruifed the Hull errent fn ferrrmneretic
-4 1939,
; . . (a1} \
Duvydov wnd Schaushrevitch fventipnted the elacirical corn
duectivity of nemicenducters with wn fonde lattice in atronp flelde dn 040,
Thiey found that in 'w streng lold the zctility of the alectran increused in

contrast to the decrouse cf tha electron motility in aemfccrductzrs with an
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m.c:‘nic‘ luttice, The varisticn cf motiilly with fleld atrenpth wad lesjeres

turo is different for low and high teaporniures. hey were led to LR ; :
§ ces 0.

vork ty censidering the thir, elastic collindan fordeaticns of eloctrons, . d
i . : : : - acr

w3 well us the interaction of electrons with the cprical vitraticna f -
: J1venon

the. luttico.
ould }

a ¥, Joife and A. F. Jcl‘z‘«(“) {nvestigated seciccnductors o
. riduc b

streng eloctrical fields in 1965, - it i3 very lmportmst sludy ard has . . .
g . Fulcul

w et flelds whicn tend te midify Varriar

to do with vuriuticns frea ohe's 1
Juyers. Tho upparont wssimpticn hero in currying ou! thig work Lo that ’ s P- .
S o to

perhaps there i3 u dopondonce of aloctricul properties cn the arrler 4
ar R on

luyers within the soniconductor and that they would e to find thin, H ’ N
B tion

Conduction of somiconductors, such e copper oxida, soisslug oxida,

molybdenum sulfide, wtimeny oxide, tungsten sxide, und thaillus auifide i i
¢ itho e.

N . o N
wug invostignted und ylalded values up to 105 chaeca ut temjeratures frem IE l’
E © bra ol

axcneding 2,/C or o
a 4

{

In hipher {leids, the corduction incronges. With incremse " )
BT heoptd]

-180 to +20 C. Ohm's L Wus oteyed §n flelds not

3,300 volta/cn,

in temroruturs, the abgolute increase in corducticn rigna aiiyhtly, tut the 4
. ns Pol
B

relutive incrouse teccmon less. The photonlactric corduction {r. jure :
!ductic

sutstances is irdopendent cf the flolds, Prasence .U imturitles N
) but [

muke it rise siiehtly with the Uinlde. “his s w vory xood artiels Iov :
' ! the d

this period of time. Zm'lydcv(“) zivia u theora*ical rvastipuion Gf *he . ..
{1eld 4

aslatarens of seziconductora. “he contuct realstanes <foa

transitionsl res
uron o1

semicerductor wnd motal plats vus cnleulutod for currenta of wnrinug
Jarons

mugeitudes. he wasumed tha' tho carduction alne :
‘ T Y

only. he cnlculution wag nct count NG apply tooerirer . ‘
C valug

obtad!
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ond did not epply, The dnter'rannitionsd resistuwces of u relyerystulline
sonjcorductor were considered. They muy scmotizes decreuse with wn increusse

(167 dtpcussed paivanceugretic sffeets of

of current in'.rsr‘slty.( L.ozhungiy
sonfconductors, The effect of tho snute churge should Le turer ints uccount

: whan pulvenomugnetic ef fecty wro studiad irn :xenicorduc'.c:jn. . thecroticad
cenniderations led to fermulus necessury for the culeuluticn of contuct
roafstunca of semiconductoers,

:hifrin'a(%) shuory, which {5 applicutle w0 leud aulfide, cvimim
oxide, Sty ond othars, aitedutes mush wark Yolng qene dn vthe V0 5o ocn
trunaition semiconductors und thecrias for trursition semicorductors. i
rrorosed his theory in 1944, Thia guignsts that in those duys they wers
ruking studios that required u theery to exnluin the axperimentul resuits
cbtudnod, MNeuwrby, in Gormany, similur stuiles wore ulso tainy oula ty
buver, for ox.mpla.

(67)

Fokur , in 1648, prezonted u new ccncention of the alactrenic
conduetivity of fonlc crystals, numely, his {uzcus Polaron Thecry. This
theory is us rollows: Basic curriers ¢f the conducticn in fonic sealcor-
ductors ure not sloctreng in the conducticn zone tut roluruns, thut ia, self-
locadizod electrors nuintuined in tholr stata ty the dlelsstric rolarizu-
tion of the crystul under the influence ¢! wha (feld of the leculized
loctron, Irunsition from'the zonul to the polarcn stute ir uecomruniod

ty u guin of energy, In the electric finld, relurens ncve like negutiva
churges, Thecrnticul culeuluticns of the mctility (/4 b oof

load to wn exprassion from which the mmericid vaiue of / for Nll ls

ostimuted ut 3 cmz/vclt-,oc. e value of /' ottuined fres the Hail #ffact

8
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arnd the photeconductivity i3 lass then B.3. Yulues af o for cifgper oxile,
golytdenus oxidu, -~ -siiver sulfide, urd /7 =silver cxige [rea eiferls
mertal datu of olectrical corductivity und the Eull constunt, talng in
. nungrical’ wgreenont with these thecroticully calculated for e arens,
corrotorate tha predcairunce of the role ¢f the latter ovar thut of the
zenul elactrors.

Luahkurcv(n) thooretically cc;:niie;od the Aiffusien of current
carriers in semicenductcra oft mixad cerduetivity, - intarpratuticn of the
41ffusicn process wus wtteprted,  arilysis of the jrepeaed equuticns
resulted in the detarmination of the specific nffuct o rectificntt n, he
mesianies < f which differs connidarably frem thut ¢f thelr cferutiin ursd
ig connected with flocding or 1iteraticn ty the current carriers <0 *he
forlidden luyer.

(171}
Samc1ilovich urd Konkov'™ ™

¢ rotdared what anoun's o niectrisal
walysis of metals. They pointad cut thal sulvincgugrotie effecta tr forrss
nugneticy ure Jetarnined ty mugnetizatinn wd not {ndueticn,  Jhey refer
5 Pudnitskii, whe A4 gomo work in 1% o expiuining the Kuil affncts
1n. ferrozagnotics bty the accelorutin ¢f such u srin-ortital furce on the
nd" oloctrons.

3, Burrier Leyers, v sileatinn, tentugt Folentiudd

Fhotocenductivisy, ndnry telsclon, sic.

. P
N T L et . W ,
In 1941, & Jotfe wnd e Ba 00T tnooatigated the con "

of a4 semiconductor with zotals and Dourd the deperdence T e reslatanie

of the semicsnducter in corl.ct with ootuls un th
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difference. For high reslstunces, thoy fcund thut the de-endence wus slight,
tut it da particulurly strong for materiuls c¢f lov resistunce.
Lﬁsurnv('m prasonted a‘thecry cf 4iode detecticn in 19410

J. Frones1(321 proposod u thesry of clactricul contuct tetwaar

~metullic bodies in 1945, In (hin cuse, ho trouts the elociricul coftuct

totwaon twe motuls as u gup through whick the cl‘uctrcnu penetrate rem ore
motul to the other ty tho mechurisw of trermcelo~tric emisalor. This is
incrousod ty the lewering of the corrn:;;cndir.g rotortiul turrier under the
influrnce of tho imsge forcen to wn oxtent which §8 irvorsely proportionul

to thy width of tho gupi Uuch u theory gives u rossitle explunution of tha
incrouse of electricul corductivity of fino pawders with {ncreuse »f tompera-
turo in u manrer eimilur te thuat of seziconductors,

Wkdreky(59) studted rindd endselon dn 1945,

Marg'llis(&) theorotically anulyzed the Schottky eifect ir. cemplex
somjconducting cuthodes, Ho fournd cartuin phernomenu occurriny which ure
atoent in ordinury motuliic cuthodes. He dovaloped « new formula, 4iffer-
ing conslderubly frem the well-knewr lehottry formuls, for use in culeulating
tho totul work functirn for electrenic enission, This wus u wery pood riuce
of work.

'k::xrs!mhe\'skii(()?) rutlished or the wicmulous intrnal rhetoeloctris
offect. Ho reverted thut the raducticn of the alecirical coriustivity of o
som.corducter uron illuminution occurs in seme, tut et in i1, sazrles of
any gemicinductor.  Tho offoct wrewrs to te dus to flwds wrd inruritiea ir
the erystul lattler. ‘fnese lws: increuss the volwe polurtintise ui",r.ir.

the semiconductir wnd thus reduce tho wywrent conductivity, In
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pﬂyérys'.ullim teides, the negutive theicelectric afinct &3 more profounted
in strnm'v cloctrica) fielda tocuuse photoelectrona atop ot crystal tuunlariag
wid thus increase the pelarizatlirn, in sircerystalilne Lublan, fhrin, flelde
trunslor phetoulactrens to the nlnc:r:alnnnw!tmul w, LLIresse
tlon. 7lws cun te jroduced olither ty frruediaticn or Suring the jreparation
of the nw:pla.‘

Scmush'/.nvitch(%) invostiguted zury fantures I gealcsniustors,
includizg contuct resistunce. He clalmed thut ho used chac&eul.} b e U8
semiconducters,

(116)

L. b, Gurovich und Tolstod divided thotrrasiators irts
oxponontial und hypertolic clusses, und Jurevich, Tolatol, .

huve yone inte great datull on dividing the photorasistunces in'r

two groups - the expornntinl wd the hypertclie clusses, They fne gt
thut corper oxide wd cudnium sulfide ure exponertiul .t hiyh teggaral ron,
wid bigmuth sulfide, selenium, thullius sulfide, solariua saivride, wd
cudnizm gulfide wre hypertolle et lod temperutures. Thege three 3 are
gtrong in he field of ocorductivity nnd semicorduntors.

hmhkuruv“m) Afncutaed gurfnce statos rei.tive 13 4x Talniry the
strong de.ordonca of thato-onl cn axternul flaldp, iU la o ta nited thet
thss wors i3 reluted % fandimertula,  Lashiarey, inhis a'.'z“.“.uq 9f clete
trical field offucts cn pheinolectric ruren,’ fount thut tha
freraused 4f the jrivity of the externel voltugn oo inciied

carriers of currcti, This ls the si-called-"condarrer zetl

Al
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4. luniresconce rhorcacry, #iseellirccus

(129
i'cmerunchuk‘u/)

cheoreticully inveatiguted the tharaul ecnduetiv-
ity of dialuctrics ut tumparatures hiphir than the leiye teagersture, ko
* choved thut the Detyo-Folorls curve cttuined for high tomjeratures holds

only for cortuin forms of diopersien of the velocities of 'he thermal vitru-

ticng end thoir dopondence cr tho ungle, In wn idenl mencerystul, therw is

no n.nht:rmcnic thornel resistunea, Pcmorxmchuk“jz) further {nvestiguted

the heut conductivity of dialoctrics ut hivh temperutures vhuro he considered
the offocts of quudruple collisicns tetwenn phetera Jun to cutie wnhumenice
1ty wid the quudruple collisien probubilities, He culculutad these wnd
duteriained the thormul corductivity of dinlectrics wa wpproximately propor-
tenul to T'S/I; ut high temperatures. His culculuted viluns ure in wrea-
mont with exporimuntal values for Nell, ¥C1, urnd quurts,
,m'cncv-‘rommovakii(%) in 1943 irdicuted thut the timeleculur
achemu of rhesphor luminescence glves sutistuctory gualitutive wnd purtly
quintitutive Intarprotuticns of tho rhencmnru ctaerved fn exéftatin of

phosphora.
txperipental Doterminations

1. Reetifieation and Contict fcuintiad (48 %arercos

\
In 1948, A, V. Jorral#?)

ceperted on the reetifientton wt the

gradn Loundaries o tvo pemleanductors, Results < Yadned o the axper-
imentud fnvestigation o 10 dirferent exidu-ne~feerductor coadin tiong wh

inifcate that good rectificution wetden oy te cttufned by the sisla 2
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of twe samiceniucters without Reat treatmenty thag, Tectificaticr s stalred

for the jurction tetweur b ard N seslesniuctore.

7. ihctocorduetivity wnd lumincscs

Lotellects

Intergive fundumortal studfas were sede 27 gh

15 Argontevamiedl

phoroseonce thr curh the yeurs froe 1640

cented axparimorts on the externsl photcelfuct Jith sezbecnductira, Hu

rererted thet erorgy distritutions of hotonleetreng with tellurta, nlil-

cor., indium snlonide, cudmium selenide plug cudmiue, w.d atlver vere &

tare

pircd, oericonductors of the hole type, auch us eoliurium, and the eless
&

trenie type, cudmiun seleriae tlus cdnlx, guve totully Alrforurt curves

which uguin differed euslutely frez theso [ar u metul luyer, such A

tivar, whethor thick or thin, he werk functicns cf romlocriuctora
systenuticully increuse with inerouzes in the enargy of the Ught gt
offocting the remevul of the eluctren,

(102}

1) grdied the lorgiouding photearnisetiviey of

Lushkurav
sapicerductors in 1948,

ot

Eur&sov(u‘e) in 169 was ucing wosilicn 2

tory oqulpaent for pensuring corductivitdes wd dtelictric Logamy L zryatalles

A cegnorg aro uyndial le tnoth

phoaphors, ~This voud lru':!cu‘w thut silieon

U.5.5.k,  Howaver, no Mterulure <n hv.:; fpatdony of plliton or B meshas

niem of cenduction bus teer fourd,

1§ exerizestal vire

It 1o interesting to nt bt juteeten’ -

¢olearric iel

article printed in li
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(117)

hlebnikov prodanhed nocrngrohenatve wetiell o ohe Yesle
propurtier wd y Lientdony of phaszelunanns whetadn he dorericed the

vurions types of phetonlunents which hui Yoen tenlored in cuny jond ©

regeurch dn v Udasld
3, Iiscellwincug

txtonaive studles of claciriend wnd thermal conduetivity off mero-
wnd plyeryotalline substunces worw cade b 144 by Biersukey and

o
it c'nuv“’"l).

txtearive studfes of dicloctrics almed nt arplications of soidd
dielaetriea in eloctrienl flolde ut d Mtequeney wers harried out by the
Soviets, alco, there were extensdve studing of surface cenducti.g on

dloloetrien'd ’1/‘(’).

(i41)

novory Interasting wrilcle wan putlished by Ecumun

mid Sozlrn on dielnctrie constunta of solld dinlactrics at high

temparatures,  They Jlscuss the exfstence of o hiph-veltme ;clarization emf
In varf-us tyres of ins:lating crystuls, sueh uz calcite crystuln, teryl
erystals, trick, grunfte, wil micn, CThey feund atnormally hiph ifelectric
congtunty, in the crder of 1,0'»"43 to 1,000, nt the higher trmieratures,
Thus, hiph-volime jolurizntizn wus proven teo oxirt st hih terseratures,
alrormally higk divloctrie constunts swem o0 hj the rile with all 4ielec-
trics hont-d to a tomgeritura Biek erosch 20 gl rice 1o flectronde gor-
duection without ;‘«'rturhﬂ noof the luttice,: Eewevar, *ho hiph en.ues of .
the dielectric c‘:n::‘ru‘tn owng? be 'u:cx-“h Loie veleme pelwrlzations, but
must te nserited vo r nunilom , fal derrfraeten witiln the suntlen,

such ns turriors,
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coraidra VA ape tntid the u el ¢ tarerietns n elontris
*eranita thgst tentid the glluet ol g2l iritiey noelontriiag

einiuctlon in 4lelectrics nl hph tampareturua. Thig $8 n oyrry SOt ger,

il tee

Ko jointed out that undpclar cenduetivity hcrednes vith {rLereasing v oo

not g olertzetion,

w3, suzresting baorler-layer roctifioution affucty )

AL intercstine puper of cre fneet she muny e loadtler o7

R . Ll \ .
ferrcnwrnetic matoriiis vas Lrittan by Venmevsadl 7T He treated tle

clecericnd ernductivity ¢f farrcgupnetic rulatances o I lemperatures.
sl

He ;ointed cut thuy the ainctrical reststunce in getereined, In

soiifrtun

L colliziorn tetwwen conductinn elactrons wd plorons, aiat by

Letween «lactrens wnd Elech spln-wuveg of Terrizanctls Veeloglrons,

thion waves cteying bosa's sturistizz, “he tere gt Gedt T
ferrrongtetic aut thance

aulyticel trowmant of wn wprroxioete midel of the

a0

Alstinguishizg Letunon auter "s" electrong wid {rner
sstina tlere

that, uh taaperatures L bl tha Curte podnt, ob spnetiostl

nen

to caturutier, {nteracticn betieen s wlnotrong wd "farrgaerinet s

forrmwte s

tae

rieo to en ndMtional alectricul rasietonze arnefiie v

autstunces wd propertiorus b 23, Experipental contirmalon

ewing to lutn of tha rocens.ry axperizettal dutu,
«f stalagtric lorane of certuln o

Ua neceps oy

fnens wbou bih Urequeney.
patad Mol the e caetiar tetdean o
fefon.cf the dfelionr!
Theraicre, he ¢ vagra o eryatad
wla with podar 2. lezdes o laple

Gotepp o the relation ol
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teageruture, Inothe e srour v ¢ crystuls, the dielactric losses rhould
tu gpocifled by the progrossive transrositicn of nlectric cherges. The
Ginlectric erystals of polur mcluculas cusi have logses. of 4igole nuture
“.T it i peositle to ordent the dipeles in wn alternuting eloctricul
finld, The vmvl;u of loss in the dieluc.tric cry;m..ls 15 very =zall, wnd
the mousuroment of the l'ou'in dono with preut difficultins, This expluirs
why a0 1ittle La. knin utou’ dlelactric losses in crystuls. The results
{nlicutod thut dielectric losams in crystnl dielectrics with fonfe condue-
tivity, such ua sodium chloride, quurtz, etc., ure dntarzined complutoly
ty eloctricul conductivity, that fg, the ruture of the dleiectric losses
15 ¢hnic, Modern measuring methods show the atsaluts vidue of th g le
of lous In o cryetul of scdium chlorids to to 1075 rudiun vhich -:x_c«mds the
value cnleulatud from the conductivity in the constunt alectricul ficld l’."3
times,
O intornst is the articlo writton oy Bol'.uks(y'ﬂ) where he
criticizos Henlach's werk on N02 und suys he 13 wrong in rigard tc suyirg
thet ono cunnot use a thureul emf for detarminirg the sign of churge
currivrs, He tluacs Honlsch's experimental technigues for thia ecnelusien,
beltuks montions thut his findings sgree with Duvydov und Stmushkevich's

thocries on thormal eaf,

C, hathode, Teechrniques, Applications

PRy
Ao ¥ Joffo'?) discussed vardius uspects of the yenrs of soal-

‘ecnductor work which wore londing to techricul develorments. In particulnr,

detcction of hiph=frequancy cuirents, ractificntion of s=¢ woltages,

*

CONFIDENTIAL

SECURITY INFORMATION

Sanitized Copy Approved for Release 2010/05/11 : CIA-RDP81-01043R000100210003-0



CONFIDENTIAL

SECURITY INFORMATION

phomn,k'gc‘.r;,:c:iw- ferees, md thotoresintwices Jors Lpilc u'q:‘.‘u oeraitel
Heutions, irez .'J.o contant of this uredele, 10 48 U4 La wyjectad Mhet o

the -cvlcts had n shrora saglecnductor group, even g eariy uh it :.’:‘.u

guiiosta that they 414 ot einfizeate cralr noeln e anttrely froeoermany

10 1945, Joffa mitritutos the reduction tu pragtice 5f Ju s ol eeienia

restdifers to levinson und Sharwvskii, alau, he wtt

und Kukney the fentien 60 u ted type of rectiffer urliy ""‘25 un! suguealiE,
reteteon 137 oatentes tn an articie T Dad that thay 1ol
othutrnizs rdteatod in un wrticie n VWi that ey bl

produced plazcelsctric gloacnts for electrical Wit oaenuatie egdiment,
Thero wore many stulies of cxide files zuie in woupdrun, urine Ll

types of nothods. Godes wrt lutin!

dansar in 1945, hey descrited an "l',:} cotdersar cf one

quarter smaller elza than it previcurly mute, i <hich zotnilized tiaauns

sore used for Dutrie. Thay rciled the tisaus with 1Y AL e tnserted

it fn an aluninua tube, wid then fepregnutad the tlazue PIUIAN

b onf S

tomperuture-stutilized slechroiyte, They cegpared than te luur

syrers! eondonsars unst fourd that thems ware Yatoer, =

‘e

ing m

(2T .
an article ty Gevcherio {liastr e Low mnhowes onown
luninescent materiuls in the W, {n Vs, ke articlu fndicates U Joserib)
itiou ol

porguently Juzinescorn materd o oare 0ot om stanely Yriene,

o thod

raduce the trichineas to onw-aull er onestnird, JrdoEatertnds

with trsn Fladion Srented by ol ¢ . o co. [0
s iutions lose le vag

T

Kol or trradinted with wDereury W, TESpATWY GLOTTIOTE, calels

ul ph

fhey us

A7
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vith‘ cow}nr, and strontium aulflde vith blssuth wre brighe ur.'u."i, tut cun
te used orly for shourt '.ima us thuy are seasitive to Kol wund tomrerutur,
A apeddud ceaposition of Zns und coppor uﬁ!h w 1ang phesphereacence 19
rr:crnmunvjv:d for tlackout use. For short perieds cf tiae, orguw.de Lminiseant
colors cun ba uaid, ‘

In 1946, ;\‘r.incv(é?') doseribed o r.(‘in':-c‘cmnc'. device for doters
nintrg microthormonluctremotive forcas, Ho used this in cznruction with
utudies of motuls,

Ax.rlrm:v(u'”, inb 191.7,> dl.ncur:u'..ﬂ plezenloc'ric erystuls rm\‘ thotr
RETINN ‘

& rather intorosting article on thu truv conductivity of salid
dinleetrica vy vrluo;\ by Gorelik nnt Dml!.rlvv(uf’). They jroeanted n
aethod of deturaining the true conductivity which s intrincicully different
from the convontionnl ones already prossnted. Thiu freluded the deturminu-
tion of the wnf of pelurizution for the whely range of ity existonce. The
inercugs of the cenduetivity in the dedaln of the of polurizuticn vas
- roven to to consistont with Joffu'y theory.

hyv}:in“m) pregentad o vather dnteresting mthed of fnvestigating
photo omf's uaing n condenser arrangement, He 4eserit-d the :h'scr}"c:' this
mothed of fnvestigating the photoslactric rropertina of senternductera, Ko
indlented thut, undar certain cenditions, thig eethed sy Yo applied o the
tnvestiguticn of thu trus photeeloctrem:*ive foren for cttulnine the aign
of the current carriurs, Avery dgportunt artfcle was written by Chuze and
fvidn(103) g0 1048, vhick shwed tht the eryrind ghoiaeffest {p sattatle

for dotormining the sign of charge sarrlers, = They uwred n condenier

88
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mothod wid feund thet *hey pet neputive photceluctrons in Ulsuuth gulflde,

* thalliw sulfide, entizceny :ellni.‘iu plus 2 pes cent antisony, oatzla

sulfide, i
silver sulfide, 2irernlun auliide, and sirecsiug selanlta, :r..:;: feand
that they obtained positive gheteeerduction in eupper oxtde, -auleniue,
tiamuth noluni'!i, oin sulfide, tin selenide, nolytdanm nelonide, *lalll:
selonide, antimcny selanide plus 2 jer cent avieniuw, fntluz relenite,
lowd fodlde, and uraniun selenide, They Uouni thal the alpn U the
phetomem? 32 the aeme us thut of the thorasl eal o onll casen, Chiz faow
good 1llustravion that materimds contrcl do the "itfn tled® or Lolli-
stubo regenrch,

Anowticle by EBruztery wid Fere .—:m(:}'"‘r A _1 miresn

for investiputing the abgorpticn apectru ¢ eryatolicphegbore 100

the very dotailed naturs ci the studles whish the Govints are awelng on
ghogphoraseent muterlila, 14 wna pelnted cut in thls wrtlcin thal *oe
Aifficulties involved {n the detarzinwtisn of wlorr thin spestra of
crystalline powdars catoed Vaiilovw o cge tho ure D oaltravilletelighe
phetemderoscopes rrovided with w speclal sjectrograghie atapter Dop the
study of smul) single eryatuls, In this s ¢ 0T ton aenttering
inherent in powders e wvilded, wil ume o v
axploraticn of the ."n‘r"ul‘rv.'l‘.:l-". tedire, Loy menered
the wtsorpticn spectra MRS ST VLRSI S Deoend ek "'?‘.‘r‘r, i

the wivelength runpe L7652 250 ay/,

Wush, Uagane, ant FatetinoedtlH0 wdt L bt w

Hippel's methed of arusurine ‘he tezparsture sereniaize of
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C sscu’mrlv mronhj)mc!n '

“wd loss wigle cf dlﬁlactri‘ca,in the cartigeter wuve rangs il CZ‘ui:I thut’
they modified i u;) thut it wus cuck sizpler.

- From wn urticlo written ty. Mcrozov(‘)) on manufusture of capuciters
ir. ;Jm Soviet Unfon, 1t can e concluded thut g:u,:'uc‘nor respurch 3 pro-
pressing wall in tho U.5.5.K. under u_:‘lvn-y‘nmr plan, Cu'pqulOr develop-
y-ncnt und munufucture in fuced v.it.h u shortage c.r‘ pocd re}ucnnnl. Standurdle
zation in tha cupucitor industry ia !};a UesSake 18 uH]l_' ircerpluto,
ninluturizing 1a still to te dc;\u,_ und pupor”power capucitors are used
oxtonnively, There wus no indicv.'.icn‘in this article of uriy vork on tuntns
lytie cupucitora; burium Litur;utn oupuciters, or gluss capucitors,

Tolstol und Foor12ov(113) wroulso vorking in *he 1514 of lumi-

noaconce, honldes werking in the fleld of rhoteconductivity,
1. ELRMENTS IN Ti. FCURTH GRCUF OF THE ATCEIC TABLE (T, 81, Ge; on)
Ao Diwmon! wnd Curbon

Tho only werk found in the Soviet literuture cn the fourthegroup

Czecherlovukin

muterfule was on diumerd,  In this case, Sicane(125) o
studied scme brazilian diumenis wd found resulty swavhut siellar to theso

of Dunfalaon’s st lowa Stuto Univerifty.
P, S5ilicon

“Ho refuronces were found in this c.tegery.
Gurmuniia

o reforerces were found 49 this cLregerys

k2l .
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Craductivity

Eusturdaent-1.duced Cornductivity

Uugnatoresistuncy

Foctifiers (Liedos)
Trunstators (amplifiers;
Phetoe ffocts v
i!lscollinoous

(190 o 0 R ITINAL
1940, work wug dopet Y o b6z tirg to fied porzanim

coul,

D, Groy Tin

Groy tin wua not perticnod na u seztecrductsr inoany of the

YR .
1teraturs found, In 1945, ;a.hur‘rin(l""’ frangtigated tho puperountuetivity

(195) 4

of groy tin down to 1,32 £, Jovancvie tacunand prey tin tn VAT
ENTS 1N THE SIATH GRIUE OF T AL T
Snlenium

1, hkactifiers

By 100, 1% was spjurent frie

thay hied mode extanaive studdez of selenbm redtiliera,

[}
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4n 1941, cimo out with the fermuln Tor the kiekevrltugn MIM.‘.'.!‘.‘ rect{fiar,
ueing shellus, eniluleao, lugyuar, ote., us rutiflciul turrior luyers on '
tho seloniun, It {8 to to rotud thut this vas somevhut oarlisr than such
artifictal burriors varl: tolng considered ir the L. o .‘Ixmlmlov(a"‘) fzplied
‘thut_selenium roctifiers eontuin o bloéking lyyor of mox;,:hcua so)oniﬁ: s
ourly us 1945, Ho tulked uicut # 10G=volt troukdovn volb@. A no‘oti
urticlo wag writton ty fenin und utu}.hov(219), in 1946, on selerdum recti-
[flvorg with motul solonide wdditions, Thoy pointod out thut us 1i*t)e wa
0,01 utonlic par cont copper, nickel, or silvor In the soleniw i3 oncugh to
* 8top reetificution,

An nxlyrunoly intorooting urticlo on motullization of Tiquid
aolonium was writton ty Urazcvskii and Lm‘t(z("v) of tho Instituty nf
Chordenl Tochnology at Khurkov, ‘hey usauted thut toth Hguid wd petullle
selonfum uwre pixtures of two diffuront molanium melesules und tha

gsalonium obtulned from differont melts would contuin differant proportions
of theze. Thoy usnd electrolytic mothods and ulso orgunie ugonta, such ua
quinolne, pyridine, und wniling und divthyluaine, to Influoncy the rute of
motullizution, This 1o u vory importunt purt of the work, since it points
out thut the Loviets znow or upprociuto the rolutfonship tetvacn seloniun
and varfous orgunics. Tho rosults of their olactrolysis vofk sugrustod thut
tho melt might ccntuin seloniwm solonido, Thoy fourd thut selorium from the
euthedie conpurtmont in their wloctrolysls oxparinonts shoved high ern=
ductdvity, whily thut from the wnodie ccr:(urﬁ:or.t wus rorcorducting, forned

no X-ruy puttern, and wus very slovly metullized ty-quinoline. - Arothoer

urticlo, writton by Uruzovskii, rulatnlk, wrd Lot (20F) in 199, on

92

CONFIDENTIAL

SECURITY INFORMATION

Sanitized Copy Approved for Release201/5/11 - CIA-RDP81-01043R000100210003-0



CONFIDENTIAL

potellization of Jiyuld re vz, ehoweld that ologts iysia ard the ue !
b yary azelal dn maedns vitreous ssents yera. JeTay
patterng of motdllic selenim Stained by armeniine w% 20D arty ke st ion

of quinoline on glussy seleniun ot 25 0 o ared iu te fanticul
2., rhetscalls
Tolluriw
No rmforences wore nbstracted In this cutupnry.
1Y, CCURCINIO
A, Gxygon Scapoundd
1. sine wnd Cudelwe Oxites

In 1548, Kuludryataess wd Strgroatral4) fand et 20, ey

und Ti0p would not partake of thornul Fadfutitn due t peCLtar abrnrptien

e
charneteriatics, Vegelewsrdd sublished, fo S0, oo von rfne s st

wnd eilver cxidu (I‘gzb)(nl) {n ropard to phetorlectreehenial jracerans

cecurring batuesn el ol ""-';“"27 fphersealinnte ugtlon,
236)
;So’/.clnv('“%‘ fubllshed an the cheradc mature of the plwe biring

cxiduticn of zinc und nercuwAc luninosernce of zine orilen. Eooattengtod b

prove whothor Nickols! hyrotheais stogt ‘ho axeited Luntneacenee ol oxdtes

{n o pluno, which in centruat to tharial Tusinescancs {8 callat candos
Jurtnoscence, Wad Correct. Thepefore, LhnllE A < oaclye the

u‘uoat“.cn o axistoncs of cusdolbmlnestence e oplwdne anl o dnow setrs
flune; hisresult var negutive.
s o3 .
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2, Barfun and Strentiun Oxides
Garollk("d%) studied barluw oxide cuthodes in 1949,
3. Ferrites

ha an exanple of vork cn tnrritna, Toropey u.zl»Eoriuunko(”(’)

. studied solid solutions ir the nic‘ml cxide~forric oxide system, Intensive
ctuliap ’;lnra asds of the mixing on nickel thermul e:facts, (I;ne first tvo
ut 180 G und 340 C, correspondirg tn a '.Oﬂf; of hydrcacspic und of erystal
H2’J, rocpoetively, snd the third at 815 C eorrespcnding to
“203 32 M40 + 1/2 050 On nccount of this dlsgocintion, 1t 10 irra-
ticnal to uge ’“2(’3 for the predustion of nickel ferrites, Oryine, firing,
and pressing st high temperaturos vas carriod out for large rumtera of
ratios of N0 to F"EQB’ Potrographie examinaticn ravealed u crn-phuse
atructura only for molecular ratios of L1l mnd 213, Vith melacular rutiocs
of 312, 311, und 2:3, the products showed two phnuau; ona of which vas
idontified aa nickel forr{ta, the other as Ni0, X-ray diagraas vere
ottuinad showing disappenrance of F0203 Hnea {n the 211 produet and nlso

of §i0 in a 132 und 213 product. 4 similur study vas mede for CoD=Fa,d

27
(20),

ferritas This was a high-tachnieal-loval tyo of investigatinn,

4o Coppor nnd Titurium Oxides

Considerablo work was dene by varlcus 'wplo on invastinnting
‘?e c'"-": oristics and proparation of roetifiurs wd the propertiss of

copper oxide in the year 1940,
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250 . .
(256 roported oo wrewdng ccyrer sy ile vest

Bukreny

chandeally inert atmosrhure contn

that thiz i3 ‘ntended to dmriove he rlectricni sharucteri

fber chuwes

26
ractifior, :-\mwv(‘)l) showed thut the ccyper xide rec

sisn of rectificuticn in the tenpersture intr real of 3270 0 M 3, levents

fnyg on the xind of rectifinr, Thig ~henceencn dees rt tarand o fal

wnathar the uprer eloctrede fo ecprer or gald, (B) ohe weavsphere 6

“which tha re:

rpoed of houting (3 afrutes te 3 houral, hreus and

ferd,

the troukdodn rotentind for ecrrer oxite roctdr

dimoter rlates and found &, golg fer dee oand Mo

brenedevn,  The Lreniclown wl,n:ﬁ,l;} vepts e dnere e With tavreariny

cetedde Alretar, Intreductn eondl juantities o hlosine trve the

Firh-tempersture frrnace cenaidurat 1y $nirovnd the alestrionl rharwsters

1g0ies of the rectifiar, This grrk terdn oo indiente thal the Tryieta

coult mukn o goud CLppET

2, .
In 194G, U j::hvr;'r.n(“'n ahound that corer adde tolarties 0
o

Jow tapperaturng, paoly, =1F3 wd < Mhrchenet wnd et
showed thut the Schottry heory of protifleatt nobn not mprliTed n
tegerestatunea iraction, T

copper oxide rectifiers {n the

‘ un i krr!io(zﬁ\) shewed that stlver rlistng L the poan of ay e RTD
tho statidity of U ccpyar cxtde in BusldoateTapheres, Santoeaion P
showed that variutlen of cxyues contentd cepoment lnotopier
tn the tem-ering fwnase 304 ot attact che £omord ndreense srrerta,

W
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Also, In 1940, ha atudidd the equivulort cupacity cf copper cyide ructiffers
in un impulse circuit(dl),
tloctricul conductivity of Cu0y und *he tharscelectrie pover of

C';-CnZOJ-Cu couples were studied by Zhuze wnd S'.ui'chunko““)

In 1940, Thay
found u pouk in the thormesloctric pwnr‘ nt 45 C,

thotouffocts of coprer oxide ware ulac conaidared in the eurly
i’I.U'a, Lushkurov, ulong with Kononcgovu[zsg), studled the Intluenca of
fmruritios on the rectifinr phetooffaet §n 1941,

an oripinul urticls thich damonstrates the technical ability of
the Soviuts wus written by Kigoin und S{mcmnko(”‘)) vorking in the fhysicul

Tochnical Institute of tvardlovak. This wredcle dendt with the effoct of

the mugnutic fiold on the photoconduotivity of tho semicondustor, Thay

found u photooloctromagnotic affoct in tho cuso of coppor oxide, where [ R/

varded 24 por cant from zoro to 9,000 oarateds ut quld nitregon ton-
peruturo, Tho effoct o one of reducing the rhotocenduotivity of copjer
oxldu, Thin demonstrutes the dotuiled nuture of tho solid-atats studies
curried on bty the Soviuts, since such effects could only huve besn found uws
a result of detuiled studins,

& lurge wnoun? of werk wag dore during the period 1948-1950 ty
such mon ‘u.'! Laghkurov, Foscnogova, Thuze, Eyvkin, and Fodorus. Lughknrey
wrd Konoﬁogcv:x(z“o’zl‘l) studfed the rhotorloetremotive forces in copper
oxido, showing thut they co;slml divide 1 irto that contrelind by nloctr!o‘
fields und th'.t not controlled bty elactiric ficlds. fhz- algn 2f the enf {s
determined by cenditions provailing st the cottact of the aetal wnd the

semfconlucter.  Lushkurev rnd F-dorua(%:) frosentad dutn 'ahmirq the
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nonlinenrity of -hotcourrant in esgper axdde us duu to the influatce af

1ight on the 1ifetimy of the corrfors. The uffwet i3 yrouler tho lonper

the 1ifetdmo of the curriers, They oipect that the gkt shifts olectrens

from levels vith long 1ives to levels with shert Hyos, y,y\v“,.,(."h‘

investiguted the phﬂoccnd(:cth&uy of ccprer oxide, His regulta indt

catod thut hi should study tho tengersturs fuperdaren of (1) 38¢ht, *

(2) quantun '/luld,/‘,ﬂ , wed (3) stutferary {hetodenductivity, s

Zhuzo und F.yvkin(zu') worknd on the gechunion of ;hﬂfecorductiv&‘.;' af

copjer oxide. 1In this cuso, un wttagp’ 18 mudo to expleln sces tLeinyrss

ftiog of the rusults of scco previcus v re vy kyuedne They ; P AW

sehoo bused on thy hol» churacter of the durk conductivity, holos telrg

croated in U dower cone by o vheranl cpanafer of w e rtdon ol the elue=

1rong to accoptor lavals ol Lhe oxyren. “he phetecerductivdty Bs Leots

preducod by u transfer of aluetrors undpr “he triinones of Hike free

. et
wccentor lovels into thy hipher zcne.  alacy inte Y] measurnd the

quantun output cf {nternul photouflect in ‘Fuz»} in 195,
Tho utove gtudius, which hum Vor cnrriad ~ut by aewsrad ate

gt unding pocply, wre o owerr Bk tects fen] mature, tueyating gueh
Caeedlble brekpround Just .o the Lteruture cf U eurly HOARE IS OISR
titandum oxddes havo b gtuiled wery Ageently Rt TR

in the, UuSibe. o b7 muny pacplue Apprrentdyy Rt wene rather 0L

chemical studles currind out

Lbowt 1k, maoshown by oan oarticle

sructire by fafiicy

10, for nvidence cf trockite 8

It is interestine na to RO that

which ended in the Hocorery of Yarbm e, 9

¥
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rermanbility of ru'.iln‘ ‘mlxv‘xrau, R u!.}oc!ivn‘ was 6 f‘mrﬂ a acteriel which
would axhitd® u temperatura confficiant of dfalactric ‘;,cmutil‘ity of zerc,
vhich vould ta un imﬁorlunt uid in eddng elacrtricul eordensers fer uze in
operating eircuits whose Traguorcy {5 t0 b irvurjunt with tenperuturés to
aturted cut studying caleiua cxids und oagresium oxids, und ccatining thqiu
chomicully vith the ‘Lh.ur.lw. dioxide, This ,'n';'l hin gcqi resultaj he fcund
Peth neputive und pounm Lysperuture ccn”&ciohta of dlmlectric farmav‘billcy.

Studien of the catulytic proporting of titunium H;xide wid ulso of
tha polymorphism of .t.nnmlum 4{oxide ‘vnm rude by Furinshtein und Eulixov in
l')l.‘)(;u"’). .T‘hin brought to mird thut the Cutulytic Corfursrce in the U, S,
(the fiorden Corfnrence) montirred the im;Cr‘,uncs of semiccriuctor téchnology
in eutulysis vork, ‘

Tharn wia ore {udleuticn that the soviets sge net studylrg TlJz
for rac*iiora, piven by wn urticla on slaetricul characteristics of
ty Kserdzov, in which ha menticned that the Uo Ko ard the Uy So wern
ing T4y for roctiffara. It wng menticned In such u munner ud to indicute
that they probubly ware not delnp sueh werk in the U,5.5.ke 7.0‘. the writer's

krslodro,
5 ituautos

Jraparation of titanates ng acine on tn 197 46 ke Uidu5itey
ug indicated ty oo urtiele on xiraties of forzatien of lend titurato 'ty
Prafilov wd Fri lmm.(z"t?'. Seme 5 to 20 articles